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ABSTRACT
As an initial step in assessing the potential use of flood control detention 
basins in the Las Vegas Valley for stonnwater harvest and groundwater recharge, 
a method for estimating precipitation on and runoff from watersheds tributary to 
detention basins was developed. Literature concerning geology, hydrogeology, 
stormwater quality, and subsurface water quality in the Las Vegas Valley, potential 
methods of stormwater harvest and groundwater recharge, and federal, state and 
local water quality regulatory requirements was obtained and evaluated in order 
to define the most favorable areas of the Las Vegas Valley for harvest and 
recharge. Based upon this review, the Red Rock Detention Basin was selected 
for trial application of a computerized implementation of a precipitation/runoff 
estimation procedure. The trial application indicated that over a representative 58- 
year period, the total potentially-harvestable stormwater resource available at the 
Red Rock Detention Basin would be 10,900 acre-feet.
Ill
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CHAPTER 1 
INTRODUCTION
Las Vegas is the fastest growing major urban area in the United States. 
The population increase in Clark County from 1980 to 1995 was greater than 
100%, with over 1,000,000 people residing in the area by the end of 1995. 
Projections indicate that the average annual population growth rate for southem 
Nevada will be approximately 2% through 2030, with the population exceeding 2.0 
million by 2016 (Hardcastle, 1997). Additionally, Las Vegas continues to sparkle 
as the leading tourist destination in the United States, resulting in major 
expansions of casino gaming facilities and corresponding increases in tourist days 
per year. As of April 1, 1997, Las Vegas had 102,000 hotel rooms (Las Vegas 
Convention and Visitors Authority, 1997), a greater number than any other city on 
earth.
Las Vegas is situated in one of the most arid areas of the United States 
(Figure 1). Primary sources of water utilized in the Las Vegas area are the 
Colorado River (Lake Mead) and the local groundwater system. Annual demand 
in 1995 was 369,000 acre-feet. It is projected (Southem Nevada Water Authority, 
1996a) that annual demand will increase to over 600,000 acre-feet by the year 
2030. Currently, approximately 85% of the water supplied to Las Vegas area
1
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users comes from the Colorado River. The groundwater system is fully allocated, 
and Nevada's consumptive use allocation from the Colorado River is projected to 
be fully used by 2007 (Southem Nevada Water Authority, 1996a).
Efforts at water conservation in the area have borne fruit, with 11 % savings 
achieved in 1995 from 1990 through public education and voluntary conservation 
measures (Brothers, 1997). Continued educational efforts by the Las Vegas 
Valley Water District (LWW D) and Southem Nevada Water Authority (SNWA) are 
expected to yield additional conservation benefits. Savings of 25% by 2010 over 
1990 are projected. Even with a higher level of conservation imposed upon the 
populace, however, 2010 is still considered the point in time at which additional 
water supplies must be available (SNWA, 1996a) for growth to continue.
As the foregoing facts make clear, Las Vegas will be forced to tum to 
altemative sources and innovative strategies to meet projected future water 
demands. Options which are being or have been evaluated (LW W D, 1994 and 
SNWA, 1996a) include:
Banking of water through artificial recharge.
Negotiation for additional water supply from other Colorado 
River Basin states.
Diversion from the Virgin River.
Wastewater reuse.
Development and importation of unappropriated groundwater 
in other groundwater basins in southem and eastern 
Nevada.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Lining of unlined portions of Colorado River water delivery 
systems to prevent infiltration losses (exchange with southem 
Califomia for Colorado River water).
Desalinization of seawater (exchange with southem Califomia 
for Colorado River water).
Use of shallow groundwater for irrigation.
Use of low-quality surface flows for irrigation.
Given the scope and costs associated with some of the altematives being 
considered, it is imperative that all existing sources of water in the area are 
efficiently utilized to their maximum advantage.
One potential source of water which is not currently utilized in the Las 
Vegas Valley is stormwater flow. Flood control facilities developed in the Las 
Vegas Valley detain, control, and channel stormwater flows, allowing them to 
safely pass through developed areas and join the Las Vegas Wash above Lake 
Mead. Stormwaters emanating from undeveloped areas mix with flows from 
heavily developed areas as they travel through the flood control system and mix 
with treated wastewater from the Clark County Sanitation District and City of Las 
Vegas treatment plants in Las Vegas Wash before flowing into Lake Mead. 
Retum flow credits are not received for stormwaters which flow into Lake Mead 
from the Las Vegas Valley watershed; therefore, capture of any portion of these 
flows would not affect the quantity of water which can be withdrawn from the 
Colorado River.
The waters flowing into Lake Mead from Las Vegas Wash have elevated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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levels of TDS, BOD and COD, oil and grease, surfactants, bacteria, phosphorous 
and nitrogen (Montgomery Watson, 1995). Flows in Las Vegas Wash are 
comprised of irrigation runoff, reemergent groundwater, water treatment plant 
effluent and stormwater. In general, concentrations of the above-listed 
constituents as measured in Las Vegas Wash are consistent with surface water 
quality data collected in urban areas located in other parts of the country. The 
waters of Las Vegas Wash have also been shown to contain organochlorines 
including PCB’s, dioxins and furans (Bevins et al., 1996).
Detention basins have been constructed around the Valley to initially detain 
and control stormwater flows (Figure 2). Stormwater is allowed to flow out of the 
basins at a controlled rate, reducing the potential for damage downstream. The 
design of detention basins is based on peak runoff rates from 100-year storm 
events. Basins which are located on the periphery of currently developed areas 
in the Valley and are not projected to have upgradient development in the future 
are expected to have in-flow water quality characteristics suitable for recharge to 
the primary groundwater aquifer.
While the average annual precipitation as measured at McCarran 
Intemational Airport in Las Vegas (Las Vegas Airport) is only approximately 4.2 
inches, higher elevations in the watershed receive over 25 inches annually. 
Tributary areas for many of the peripheral detention basins reach into these higher 
elevation regions (Figure 3). Flood events of significant size (over 100 ft^/sec per 
mF of contributing area) periodically occur in the Las Vegas Valley and southem 
Nevada region (Katzer et al., 1976)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Purpose and Objectives 
In June of 1996, the Las Vegas Valley Water District initiated a two-year 
study to Investigate the potential for using flood control detention basins in the Las 
Vegas Valley for groundwater recharge. The scope of the initial portion of the 
study was designed to provide preliminary data necessary for completion of a 
detailed engineering feasibility analysis, with primary emphasis on developing a 
method for estimating the quantity of potentially-harvestable stormwater available 
at specific detention basins over time. Due to concerns about the chemical quality 
of stormwaters emanating from developed areas of the Las Vegas Valley, the 
focus of the initial portion of the study was centered on detention basins located 
on the periphery of areas which are currently or will eventually be developed. The 
final portion of the study would involve completion of a detailed engineering 
feasibility study and provide an assessment of the economic viability of installing 
stormwater hanrest and groundwater recharge infrastructure at specific detention 
basins.
This document summarizes the results of the initial portion of the 
stormwater harvest and groundwater recharge study, with the objective being to 
provide data on the following topics relevant to assessing the physical practicality 
and economic viability of installing harvest and recharge infrastructure at 
peripheral detention basins:
1. The quantity of stormwater available at detention basins over time - 
this information is essential in determining if the cost of water 
obtained through a harvest/recharge system is competitive with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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altemative water sources. Knowledge of the size and frequency of 
in-flows is also an important factor in evaluating the applicability of 
various methods for harvest and recharge.
2. The expected chemical quality of stormwater flows to detention 
basins - the chemical quality of stormwater must meet certain 
regulatory criteria if it is to be used for recharge to a producing 
aquifer. Additionally, the chemistry of in-flow water will affect the 
choice of methods chosen for harvest and recharge and the type 
and frequency of maintenance activities required. It also has 
implications for the long-term viability of the recharge process.
3. The hydrogeologic setting of peripheral detention basins - 
hydrogeology is a primary factor in determining where in the valley 
recharge is potentially feasible and which methods of recharge could 
be used.
4. The water quality regulatory requirements related to the installation 
and operation of a stormwater harvest and groundwater recharge 
system - regulatory requirements have the potential to affect the 
design of han/est/recharge systems and to impose limitations on the 
installation and operation of such systems.
The decision to proceed with the final portion of the stormwater harvest and 
groundwater recharge study will be dependent in part on the Las Vegas Valley 
Water District’s analysis of the results presented in this document.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Background
The harvest of flood waters for groundwater recharge is not a new concept, 
with archeological evidence of its practice by desert dwellers in the Bronze Age 
over 4000 years ago (National Academy of Sciences, 1974), Two thousand years 
ago Nabatean inhabitants of the Negev Desert built channels across hillsides to 
harvest rainwater runoff and direct the water to hand-dug cistems or to fields 
where crops were being grown. In some cases, rocks and vegetation were cleared 
off of the hillsides to increase runoff. Ancient civilizations in North Africa 
constructed rock dams in mountain ravines to increase recharge in alluvium. 
Nomadic peoples in Turkmenistan continue to practice centuries-old methods of 
stormwater harvest through the construction of stormwater channels, infiltration 
pits and wells (United Nations, 1975). These methods described made it possible 
for agricultural civilizations to develop in areas with as little as 4 inches of 
precipitation per year. Infiltration enhancement for recharge has been practiced 
in at least 15 states and in other countries including South Africa, Namibia, and 
England (Hannon, 1980). Methods which are presently employed or have been 
used in the pact include vertical wells (dry and saturated), basins, open trenches, 
spreading fields, streambed impoundment, sumps, gravel-filled trenches, and 
buried perforated pipes backfilled with sand and gravel. Recharge of aquifers 
using waters derived from lakes, rivers, and reservoirs has also been 
accomplished through the use of injection wells.
A number of communities in the west have built facilities for the purpose of 
capturing stormwater flows and using them to recharge groundwater supplies.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The city of Fresno, Califomia, uses recharge basins, some turfed and some 
unturfed, to capture stormwater and encourage infiltration. The Fresno recharge 
system serves an important role in reducing the groundwater overdraft (Brown & 
Caldwell Consulting Engineers, 1984). The Los Angeles County Flood Control 
District in southem Califomia is required by State legislation to "control and 
conserve flood, storm, and other waste waters". The Los Angeles County 
Department of Public Works operates 27 water spreading areas in the Los 
Angeles Basin where groundwater recharge is performed. Shallow basins, 
ditches, and deep recharge pits are utilized in the spreading areas (Los Angeles 
County Department of Public Works). In addition, dams and reservoirs are 
operated in such a manner as to save flood water for post-storm releases to 
downstream spreading areas (when safety permits). Maricopa County, Arizona, 
has initiated pilot scale testing of a spreading area-type recharge system for the 
Aqua Fria recharge project. In addition, detailed feasibility studies have also been 
initiated for similar projects in other areas of Maricopa County, including the cities 
of Phoenix and Mesa (CH2M Hill, Inc., 1988; Randall 1996). It should be noted 
that all of the cities mentioned have at least twice the mean annual precipitation 
of the Las Vegas Valley.
Previous Studies
A conceptual evaluation of the feasibility of using stormwater for 
groundwater recharge in the Las Vegas Valley was undertaken in 1990 (Bax- 
Valentine et al., 1990). Their results indicated that the costs associated with 
building and maintaining recharge well installations would result in a greater water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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cost than the cost of then-cument altemative supplies. A probabilistic approach 
was utilized to derive the quantity of stormwater available for basin recharge. The 
paper concluded that the cost of water obtained through a flood water harvest and 
groundwater recharge system would compare favorably with interbasin transfer 
should it become necessary in the future.
Methodology
Data from 27 precipitation stations located in the Las Vegas Valley region 
were compiled and statistically analyzed in order to develop a methodology for 
estimating precipitation at ungauged locations in the watershed area. The 
methodology developed was designed to transform a 58-year daily precipitation 
record (1938 -1995) from the Las Vegas Airport (known as McCarran Intemational 
Airport since 1968) into a representative daily precipitation record for any of the 
drainage areas associated with peripheral detention basins. A Fortran computer 
program was then developed which is capable of creating a synthetic record of 
stormwater flows to a selected peripheral detention basin over the same 
representative 58-year period. This program, known as BASNFLW, is based on 
the precipitation estimation methodology developed in this study and the Soil 
Conservation Service’s method of abstractions. Adjustments to surface runoff 
quantities for transmission losses and snowfall during winter months are 
incorporated in the program.
In order to select a peripheral detention basin for trial application of the 
computerized model of precipitation and stormwater runoff, existing literature 
conceming the following subjects was reviewed:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1. Geology and hydrogeology of the Las Vegas Valley,
2. Quality of stoimwater flows and subsurface water in the Las Vegas 
Valley.
3. Potential methods of stoimwater harvest and groundwater recharge.
4. Federal, state, and local water quality regulations related to 
construction and operation of a stormwater harvest and groundwater 
recharge system.
Consideration of hydrogeologic factors was an integral part of the reviews of both 
subsurface water quality in the Las Vegas Valley and potential methods of 
groundwater recharge.
Based upon the literature reviews described and other pertinent factors, 
a region of the Las Vegas Valley was selected as being the most favorable for 
stormwater harvest and groundwater recharge. An existing detention basin within 
this region was then chosen for trial application of the computerized
precipitation/runoff estimation methodology, and an estimate for the total quantity 
of potentially-harvestable stormwater reporting to the detention basin over a 
representative 58-year period was generated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2 
ENVIRONMENTAL SETTING 
Physiography
The Las Vegas Valley is a northwest-southeast trending depression 
characteristic of the Basin and Range physiographic province. The alluvium-filled 
basin is bounded by mountain ranges of exposed bedrock, including the Spring 
Mountains on the west, the Sheep and Las Vegas Ranges to the north. 
Frenchman Mountain and Sunrise Mountain to the east, and the River Mountains 
and McCullough Range to the south. Mt. Charleston, at 11,918 feet above sea 
level, is the highest point in the watershed, while the lowest is below 1,500 feet in 
Las Vegas Wash. The mountain ranges have steep slopes with little soil or 
vegetative cover. Coalescing pedimented alluvial fans extend from the mountain 
fronts at gentle slopes (1.5 to 3.0 percent) to the basin lowlands. The average 
elevation of the boundary between the alluvial apron and the mountains is 
approximately 4,500 feet. The boundary between the piedmont surfaces and the 
lowlands ranges from 3,100 to 1,600 feet elevation (Maxey and Jameson, 1948). 
The Valley is drained in the southeast by Las Vegas Wash, with stormwaters, 
urban surface runoff, water treatment plant effluent and groundwater flowing to 
Lake Mead on the Colorado River. The Las Vegas Valley hydrographic basin
14
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encompasses 1,560 square miles of Clark County (Figure 3).
Climate
The Las Vegas Valley is arid with hot summers and mild, pleasant winters. 
Wide daily ranges in temperature occur due to strong insolation of heat during the 
day and quick nighttime cooling of the clear air. In Las Vegas, the record high and 
low temperatures measured at the Las Vegas Airport are 116° F and 8° F. Low 
humidity tempers the high temperatures experienced in the summers. The 
number of days of measurable precipitation averages 26 per year, with dark, 
cloudy, overcast days uncommon. On the rare occasions when it does snow in 
the valley, the snow melts as it falls or shortly afterwards. Strong winds associated 
with major storms come from the southwest or northwest (Skrbac et al., 1995). 
Mean annual precipitation ranges from 4 inches on the valley floor to over 25 
inches high in the Spring Mountains. Average annual evaporation is approximately 
80 inches at the elevation of the valley floor.
Geology
Bedrock and valley fill are the primary geologic units In the study area. 
Bedrock underlies the structural basin in which the alluvium has been deposited 
and forms the mountains surrounding the Valley. The age of the region's bedrock 
ranges from Precambrian through Miocene. Bedrock consists of Precambrian 
metamorphic rocks; Precambrian and Paleozoic carbonate rocks; Permian, 
Triassic and Jurassic clastic rocks; and Miocene igneous rocks (Plume, 1989). 
Precambrian and Paleozoic carbonate rocks are the most common bedrock unit
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in the Valley area, with limestones and dolomites of this unit being the 
predominant rock type in the Spring Mountains, Sheep Range, Las Vegas Range, 
Sunrise Mountain and Frenchman Mountain. Sandstone, conglomerate, and other 
clastic rocks are locally common (Plume, 1989). Igneous rocks in the Valley are 
primarily volcanic rocks in the McCullough Range and River Mountains, with some 
scattered dikes in the River Mountains and a quartz monzonite intrusive in the 
McCullough Range (Plume, 1989).
The Las Vegas Valley structural basin is filled with up to 5,000 feet of 
alluvial and lacustrine sediments, ranging in age from Miocene to Quatemary 
(Plume, 1989). Coarse-grained alluvial fan deposits are found closer to nearby 
mountain sources, with gradation towards finer sediments in the direction of the 
center of the basin. Gravel, sand and silt of Quatemary age and conglomerates 
of Tertiary and Quatemary age overlie older portions of the valley-fill, including the 
gypslferous and calcareous Muddy Creek Formation (Plume, 1989). The valley-fill 
deposits consist of interbedded and interfingering sequences of gravel, sand, silt, 
and clay, with complex and locally variable structure. Towards the center of the 
Valley the Muddy Creek Formation is 3,000 to 4,000 feet thick (Dettinger, 1987). 
The valley-fill deposits are generally representative of the mountain sources from 
which they were derived. The carbonate lithology of the Spring Mountains, Sheep 
Range, Las Vegas Range, Sunrise Mountain and Frenchman Mountain has 
resulted in carbonate rich valley-fill in the northem and central parts of the Valley, 
while in the southern and eastem areas gypsum and igneous clasts accompany 
the carbonate clasts (Dinger, 1977). The carbonate rich nature of the valley-fill
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deposits, in combination with historical climatic and hydrologie conditions, has led 
to the formation of caliche horizons in the valley-fill deposits. Caliche is a 
secondary deposit of calcium carbonate formed by near-surface soil processes. 
These deposits can be of very low permeability when present as laminar layers or 
gully-bed cementation (Cooley et al., 1973).
Hydrogeology
The groundwater system of the Las Vegas Valley has been described as 
an alluvial reservoir within a basin formed by consolidated rocks (Dettinger, 1987). 
Carbonate rocks in the Spring Mountains and Sheep Range are the principal 
source of natural recharge to this reservoir (Noack, 1988). The valley-fill resen/oir 
consists of coarse-grained deposits, fine-grained deposits, and heterogeneous 
deposits made up of interbedded sequences of coarse- and fine-grained deposits 
(Plume, 1989). Coarse-grained deposits underlie the west side of the Las Vegas 
Valley, and interfinger with fine-grained and heterogeneous deposits as far east 
as North Las Vegas. Fine-grained deposits predominate beneath the valley 
lowlands (Plume, 1989). Figure 4 is a generalized west to east hydrogeologic 
cross-section across the Las Vegas Valley. Groundwater flow in the alluvial 
reservoir is generally from the north/northwest to the southeast.
The valley-fill deposits which contain water are most permeable and 
productive on the west side of the valley, while in the central and eastem portions 
of the valley they are relatively impermeable. Following is a description of 
hydrogeologic units which historically have been identified in the Las Vegas Valley 
alluvial reservoir (Dettinger, 1987):
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1 ) a shallow unconflned zone that consists of the water table and the
first 30 feet of saturated sediments;
2) an intermediate zone, or "near-surface resen/oir", composed of fine 
grained deposits that range from 30 to approximately 200 feet below 
the water table;
3) a deep zone of production aquifers, or principal aquifers, composed 
of thick beds of coarse-grained and intermediate-grained deposits 
ranging from 200 to 1,000 feet below the water table; and
4) the untapped deep zone of valley-fill sediments that is below most 
of the deepest production wells in the valley.
The depths given for the units described can only be used as guidelines 
because of the significant lithologie variability in the valley-fill (Wild, 1990). The 
fine-grained near-surface reservoir exists below most of the valley floor but does 
not extend under all of the valley-fill area. The near-surface reservoir generally 
acts as a semiconfining layer for the principal aquifers. At the edges of the near­
surface reservoir, caliche horizons may also act to confine the principal aquifers, 
while away from the margins towards the mountains the principal aquifers are 
generally unconfined. The near-surface reservoir historically had as its primary 
source of recharge upward leakage from the principal aquifers and infiltration from 
artesian springs (Dettinger, 1987). Landscape irrigation, or more correctly over­
irrigation, is now responsible for a significant amount of recharge to the shallow 
water table and near-surface reservoir.
Maxey and Jameson (1948) note that relatively small remnants of alluvial
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materials are present in the mountain ranges surrounding the Valley at elevations 
as high as 9,500 feet. Three erosional terraces cut in these high elevation gravels 
are visible in Kyle Canyon and other canyons in the Spring Mountains, indicating 
at least three erosional periods since the oldest alluvial materials were deposited 
and deep burial of the range by alluvial deposits in the Tertiary and Quatemary. 
Maxey and Jameson attribute the lack of perennial streams in the Spring 
Mountains to the presence of this highly permeable alluvium. Precipitation enters 
the permeable alluvium high in the canyons, with little to no surface runoff, and 
flows laterally into the apron and groundwater reservoirs at lower elevations.
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CHAPTER 3
STORMWATER QUANTITY
In order to estimate the quantity of stormwater reporting to a detention 
basin, it is necessary to estimate precipitation over the basin's drainage area, 
runoff within the drainage area, and transmission losses en route to the detention 
basin.
Precipitation Pattems 
Average annual rainfall measured at the Las Vegas Airport is approximately 
4.2 inches. Of this total, approximately 1.4 inches falls during the summer period, 
defined in this study as the months of May, June, July, August and September. 
During these months, moist tropical air from the south/southeast is carried into the 
region, causing scattered and occasionally severe convective thunderstorm activity 
and higher than average humidity. Winter precipitation, falling in October through 
April, averages 2.8 inches. During the winter, moist air masses moving eastward 
from the Pacific Ocean encounter the Sierra Nevada Mountains in Califomia. The 
Sierras cause a rain shadow, shielding areas to the east as most of the original 
moisture falls as precipitation during the air masses' ascent of the mountains. As 
the air descends the eastem slopes of the mountains, it is warmed by
21
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compression, and little precipitation occurs (U.S. Department of Commerce, 1975). 
Precipitation resulting from winter frontal systems tends to be regional in nature.
Large differences in annual precipitation are experienced between the lower 
portions of the Valley and the higher elevations of the watershed. Annual 
precipitation of over 35 inches has been recorded at 8000' in the Spring Mountains 
west of Las Vegas at gaged locations, and over 25 inches has been recorded at 
9000’ in the Sheep Range north of Las Vegas.
Quiring (1965) and French (1983a) have hypothesized the existence of 
"excess" and "deficit" zones as related to precipitation in southem Nevada. These 
zones are a result of the summer and winter weather pattems described 
previously. Deficit locations suffer from the rain shadow effect of the Sierra 
Nevada Mountains in the winter and do not benefit fully from the flow of moisture 
from the south in the summer. Excess locations are open to the flow of moisture 
from the south in the summer and experience lessened effects of the Sierra's rain 
shadow in the winter. Figure 5 illustrates this theory. Osborn (1984) described a 
similar phenomenon in relation to precipitation pattems in Arizona.
Available Precipitation Data 
Five sources of precipitation data were used for the purposes of this study. 
These include the National Weather Service (NWS), United States Geologic 
Survey (USGS), Nevada State Engineer (NVSE), Nevada State Climatologist, and 
the historic United States Weather Bureau (USWB). The precipitation reporting 
stations utilized are depicted in Figure 6.
Seven weather stations currently reported by the NWS are currently located
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in the watershed. Periods of record at these stations vary from 11 years to nearly 
60 years. These Include the Las Vegas Airport, the Desert Wildlife Range, 
Boulder City, the Red Rock Canyon Visitor Center, Sunrise Manor, North Las 
Vegas, and Nellis Air Force Base. Data from the Indian Springs station north of 
the watershed was also utilized, as well as historic data (1940's) from the Kyle 
Canyon Ranger Station In the Spring Mountains. NWS stations employ tlpplng- 
or welghlng-bucket gages (recording stations) or manual standard rain gauges 
(climate stations), with data collected a minimum of once per day. These data are 
published by the NWS In a monthly Climatological Data (U.S. Department of 
Commerce, NWS and USWB, 1938-1995) summary for Nevada.
The USGS maintains a number of high altitude precipitation storage gauges 
In Nevada, six of which are In locations relevant to the watershed. These stations. 
Installed In the mid-1980 s, are located near Sheep Peak and Hayford Peak In the 
Sheep Range and Lee Canyon, Kyle Canyon, Trough Spring and PotosI Peak In 
the Spring Mountains. The USGS high altitude stations are read twice each year, 
generally in May/June and September/October, and reported yearly In USGS 
Water Resources Data Reports for Nevada (Bauer et al., 1996).
The USWB maintained five precipitation storage gauges during the 1940's 
and 1950's In the area of Interest, located at Lee Canyon Summit, Red Rock 
Summit, Roberts Ranch, Hidden Forest Camp, and Cold Creek Ranch. These 
storage gauges were read as often as every month, and the results published In 
USWB Climatographyofthe Un^ed States series of publications (U.S. Department 
of Commerce, 1958).
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The Nevada State Engineer (NVSE) currently maintains a network of 
precipitation storage gauges In Nevada, with six of them relevant to the watershed. 
Storage gauges at Lee Canyon, Kyle Canyon, McCullough Pass, Cold Creek, 
Roberts Ranch and Wheeler Pass are read once each year In mid-July. This 
network of stations was established In the early- to mld-1960's.
The Nevada State Climatologist reports dally precipitation data from a 
standard rain gauge maintained by the Nevada Division of Forestry In Kyle 
Canyon. The period of record for this gauge begins In 1981, with dally 
precipitation readings noted. Dally snowfall Is also measured at this location, and, 
due to the limitations of the standard rain gauge. Is converted to equivalent rainfall 
at 1.0" ralnfall=0.1 " rainfall (Ahrens, 1991) when required (snowfall depth 
exceeds the un-heated gauges' catchment depth).
Other available data which was not used In this study Includes precipitation 
data collected by the Desert Research Institute (DRI) at Cold Creek and Duck 
Creek In the Spring Mountains and data available from gauges maintained by the 
Clark County Regional Flood Control District (CCRFCD) In the lower-elevatlon 
portions of the Valley (network originally established by the USGS). The period 
of record of DRI's data was determined to be too short to be of use In this study. 
The precipitation Information available from the CCRFCD was not considered to 
be a necessary addition to the precipitation database because four of the NWS 
stations employed are in the same lower-elevation area of the valley (Las Vegas 
Airport, North Las Vegas, Sunrise Manor, and Nellis AFB).
The availability of streamflow and stage data from the flood control system
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in the Las Vegas Valley was also Investigated. Due to factors that Include the 
relatively short period of record, equipment calibration and maintenance problems, 
vandalism, and recording equipment location (telephone conversation with 
CCRFCD and USGS), it was determined that the limited data available would be 
of limited use in determining the distribution, frequency, and magnitude of flows 
to the detention basins. The equipment transmitting stage data from the detention 
basins Is primarily used for emergency planning by the CCRFCD.
Precipitation records for the stations described were entered Into computer 
databases for analysis. Records were obtained In both digital and paper format. 
Dally records were compiled In databases designed for access by Fortran 
computer programs, while monthly, semi-annual and annual records were 
compiled In spreadsheet databases. Table 1 provides basic Information and 
statistics pertaining to the precipitation records utilized. The elevation of the 
station, period of record, reporting period or Interval, and mean and standard 
deviation of precipitation during annual, summer and winter periods are given. 
Missing data for winter periods In dally precipitation records were added in a 
limited number of cases In which precipitation was not recorded at any other 
regional station on the day In question. In these cases a zero was added to the 
database.
Statistical Analysis of Precipitation Data 
Regional
The following conclusions concerning precipitation In the Las Vegas Valley
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Station
Name
Elev.
(ft.)
Period of 
Record
Number of
Complete
Years
Reporting
Period
Mean 
Annual 
PreciD. (in.)
Std. Dev.
Annual
Precip.
Number of 
Complete 
Sum. Years
Mean 
Summer 
Precip. (In.)
Std. Dev. 
Summer 
Precip.
Number of 
Complete 
Win. Years
Mean 
Winter 
Precip. (In.)
Std. Dev.
Winter
Precip.
Weather Service Stations
Las Veoas Airport 1879 1938-1948 11 d 4.43 2.76 11 1.36 1.23 11 3.05 1.96
Las Veoas Airport 2162 1949-1995 47 d 4.17 2.08 47 1.44 1.05 47 2.72 1.98
Las Veoas Airport 1938-1995 58 d 4.22 2.20 58 1.43 1.07 58 2.79 1.97
Desert Wildlife Ranoa 2922 1940-1995 48 d 4.20 2.30 53 1.44 1.16 49 2.83 1.80
Boulder City 2525 1938-1995 47 d 5.84 2.61 S3 1.98 1.52 50 3.82 2.43
Red Rock Canyon State Park 3780 1977-1995 10 d 10.35 5.09 18 3.15 2.59 10 8.18 5.07
Sunrise Manor 1820 1961-1987 22 d 4.52 2.07 26 1.41 0.85 23 3.03 1.81
North Las Vegas 1880 1951-1995 10 d 4.08 1.69 14 1.14 0.67 12 2.99 1.59
Indian Springs 3120 1939-1964 23 m 3.04 1.59 26 1.23 0.87 23 1.89 1.29
Kyle Canyon Ranger Station 7165 1939-1948 4 m 21.42 7.67 11 5.60 2.82 5 15.33 7.00
Nells Air Force Base 1881 1942-1993 45 d 4.25 2.35 48 1.39 1.18 45 2.83 2.07
Kyle Canyon Nevada DIv. of Forestry 7606 1981-1995 12 d 28.04" 8.46 13 7.79 5.48 12 19.43" 8.04
USGS High Aititude Stations
Lee Canyon 8510 1985-1995 9 s '" 21.02 6.86 9 4.99 3.46 9 16.86 6.22
Kyle Canyon 7760 1985-1995 10 s'" 26.74 8.37 9 5.99 2.06 10 21.08 8.63
Trough Spring 8240 1985-1995 9 s '" 17.67 6.43 7 3.54 1.69 9 14.44 6.55
Sheep Peak 9600 1985-1995 7 8— 15.51 6.22 5 4.19 1.87 8 12.33 4.58
Haytord Peak 9840 1985-1995 9 8*" 16.70 6.59 9 4.12 3.70 9 13.38 5.47
PotosI Peak 8080 1985-1995 5 S '" 16.88 8.39 4 4.91 3.82 9 14.90 8.39
Nevada State Engineer Office Storage Guages
Lee Cariypn 8400 1961-1994 28 a "” 22.45 7.02 n/a n/a n/a n/a rVa rVfi
McCullough Pass 3768 1967-1994 26 a " " 6.24 3.26 n/a n/a n/a n/a n/a rVfl
Cold Creek 7400 1961-1994 28 a "” 16.62 6.23 n/a n/a n/a n/a n/a rVe
Wheeler Pass 7683 1984-1994 21 a " 14.63 5.12 n/a n/a n/a n/a n/a fVs
Kyle Cenyon 7500 1961-1994 32 a " " 20.09 6.89 iVa n/a rVa n/a n/a n/6
Roberts Ranch 6000 1961-1994 28 a"" 13.55 4.64 n/a n/a n/a n/a nfa n/e
Weather Bureau Storage Guages
Lee Canvon Summit 9000 1945-1952 8 m 21.96 8.54 8 5.60 3.43 8 16.35 6.01
Red Rock Summit 6500 1945-1953 8 m 10.62 4.03 9 3.42 1.49 8 7.26 3.02
Roberts Ranch 6100 1945-1953 8 m 13.95 5.28 9 3.67 1.80 8 10.52 3.93
Hidden Forest Camp 7550 1945-1954 9 m 12,58 3.23 10 4.61 2.43 9 8.28 3.19
Cold Creek Ranch 6000 1945-1954 8 m 9.05 3.63 9 2.66 1.05 8 6.57 3.09
Note: • d = daily, m = monthly, s = semi-annually, a = annually, ••Conversion of snowfall to rainfall utilizing factor of 0.1 In. rain/in. snow. •“ Recording periods utilized for USGS 
High Altitude Gauges for yearly, summer and winter precipitation vary and do not correspond to the reporting periods employed at Weather Senrice Stations (year = Jan - Dec, 
sum = May - Sept, win = Jan - Apr + Oct - Dec ). •••• Nevada SEC storage gauges are read mid-July every year.
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region can be drawn from an analysis of the data presented in Table 1:
a) Precipitation in the Las Vegas Valley region is highly variable. In 
general, the same statement can be made for the entire 
southwestem region of the United States. The average for all 
stations used in this study for standard deviation as a percentage of 
annual, winter, and summer precipitation is 42%, 51%, and 63%, 
respectively (Coefficient of Variation = 0.42, 0.51 and 0.63).
b) Most of the precipitation in the region falls in the winter. Higher 
elevation areas of the watershed receive a greater percentage of 
their annual precipitation during the winter than do the lower 
elevation areas. Winter precipitation as a percentage of annual 
ranges from 60-70% at lower elevations to above 80% In the Spring 
Mountains and Sheep Range (Figure 7).
c) Summer precipitation is more variable than winter precipitation. This 
can be explained by the regional nature of winter storm activity as 
compared to localized nature of summer thunderstorms. As a 
result, due to the greater contribution of winter precipitation to 
annual precipitation at higher elevations, the variability of annual 
precipitation at higher elevations is less than that at lower elevations 
(Figure 8).
Station Correlation
Least-squares regression analyses were performed on the precipitation 
records of all 26 Las Vegas Valley region stations against the precipitation record
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for the Las Vegas Airport. These analyses were performed for coincident periods 
of record on the basis of annual, winter and summer precipitation totals. 
Regression between daily precipitation records was not attempted because of the 
small number of stations with daily records and the high degree of variability in 
daily precipitation in the region, especially during summer months. It should be 
noted that the recording periods for the USGS high altitude precipitation storage 
gauges varied from year to year, and did not coincide exactly with the definition of 
summer (May 1 - Sept. 30) and winter periods (Oct. 1 - Apr. 31) For these 
stations, the actual precipitation which occurred at the Las Vegas Airport during 
the USGS recordng period was determined from the Las Vegas Airport daily 
precipitation record. Similarly, the records from Nevada State Engineer storage 
gauges and Las Vegas Airport were rationalized in the same manner.
The number of common years or seasons available for use in each 
regression pairing varied from as high as 53 to as low as 4. Coefficients of 
detemiination (R )̂ were calculated for the least-squares fit, indicating the amount 
of variation in a station's record which directly related to the variation in the record 
at the Las Vegas Airport. A summary of the results of these analyses is given in 
Table 2. As Table 2 indicates, R* values for the least-squares fit varied from a high 
of 99% to a low of 4%. Due to the high variability of precipitation in the region, the 
limited number of common years or seasons available for some of the regressions 
have a negative effect on the R* values reported.
Inspection of R̂  values indicates that, in general, the coefficient of 
determination increases as the difference in elevation between Las Vegas Airport
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Station
Y
Station
X
Annual Precipitation 
Number Regression 
Years Eauation r**2 (%) P
Winter Precipitation 
Number Regression 
Years Eauation r**2 (%) P
Summer Precipitation 
Number Regression 
Years Eauation r**2 (%) P
Desert Wildlife Range LVA/P 48 .860 + .821 XLV 65.8 0.001 49 .618 + .843xLV 65.7 0.001 53 .538 + .676 X LV 35.9 0.001
Boulder City LVA/P 48 1.73 +1.00 xLV 68.8 0.001 50 .759+1.10 xLV 88.9 0.001 53 .734 + .946 X LV 41.3 0.001
Red Rock State Park LVA/P 10 2.36 +1.69 xLV 77.9 0.001 10 2.13 +1.74 xLV 86.8 0.001 18 1.45 +1.25 xLV 25.9 0.05
Sunrise Manor LVA/P 22 .387 + .934XLV 85.5 0.001 23 .246 + .978 X LV 95.4 0.001 26 .542 + .605 X LV 48.4 0.001
Nortti t.as Vegas LVA/P 10 1.23 + .693xLV 69.7 0.01 12 .868 + .753XLV 83.2 0.001 14 .591+.432XLV 40.9 0.01
Indian Springs Lv a /p 23 .907 + .548 X LV 60 0.001 23 .659 + .525XLV 51.5 0.001 26 .792 + .309xLV 16.7 0.05
kyle Canyon R/S Lv a /p 4 8.71 +2.16 xLV 98.7 0.01 5 5.92 + 2.58 X LV 93.1 0,01 11 2.97 +1.64 xLV 49 0.01
Neills AFB LVA/P 45 .083 + .988xLV 77.8 0.001 45 .149 + .978XLV 91.2 0,001 48 .185 + .832XLV 54.5 0.001
Kyle Canyon NDF LVA/P 12 18.8 +1.94 xLV 32.8 0.05 12 11.7 +2.19 xLV 50.3 0,01 13 3.11 +4.54xLV 80.7 0.001
Lee Canyon USGS LVA/P 9 13.8 +1.79 xLV 23.7 0.1 9 10.8 +1,83 x LV 39.2 0.05 9 6.31-1.76 xLV 8 <0,15
Kyle Canyon USGS Lv a /p 10 19.1 +1.75 xLV 19.1 0.1 10 13.4 + 2.09 X LV 32.7 0.05 9 4.03 + 2.61 xLV 50.2 0.05
Trough Spring USGS LVA/P 9 8.59 +2.25 xLV 42.4 0.05 9 5.19 +2.33 xLV 68.4 0.01 7 2.87 + .80xLV 8.4 <0.15
Sheep Peak USGS LVA/P 7 4.41 + 2.51 X LV 57 0.05 7 6.18 +1.64 xLV 62.6 0.05 5 3.41 +1.08 xLV 15.8 <0.15
Hayford Peak USGS LVA/P 9 10.4 +1.40 xLV 21.6 0.15 9 7.77 +1.45 xLV 41.5 0.05 9 3.12 +1.34 xLV 4.1 <0.15
PotosI Peak USGS LVA/P 5 -0.5 +4.42 xLV 36.4 0.15 9 5.08 + 2.47 X LV 46.9 0.05 4 -0.74 + 5.15 X LV 82.8 0.05
Cold Creek Ranch WB LVA/P 8 4.03 +1.68 xLV 70.6 0.01 8 3.72+1,64 xLV 59.3 0.05 9 1.56 + .817XLV 49.9 0.05
Hidden Forest Camp WB LVA/P 9 9.57 + .998 X LV 27.6 0.1 8 5.16 +1,74 xLV 55.5 0.05 10 4.38 + .329 xLV 1.3 <0,15
Lee Canyon Summit WB LVA/P 8 9.20 + 3.76 xLV 50.3 0.05 8 10.9 +2.60 xLV 35.4 0.1 8 2.94 + 2.05 X LV 23.9 0.1
Red Rock Summit WB Lv a /p 8 5.22 +1.93 xLV 64.7 0.01 8 3.97 +1.91 xLV 83.5 0.001 9 2.81+.517 xLV 8.2 <0.15
Roberts Ranch WB LVA/P 8 5.65 +2.45 xLV 55.7 0.05 8 5.63 +2.33 xLV 66.6 0.01 9 3.13 + .459XLV 4.4 <0,15
Lea Canyon SEC LVA/P 28 17.9 +1.09 xLV 8.6 0.1 0 n/a n/a n/a 0 n/a n/a n/e
Kyle Canyon SEO LVA/P 32 10.1 +2.23xLV 41.2 0.001 0 n/a n/a n/a 0 n/a n/a n/e
Cold Creek SEO LVA/P 28 8.70+1.94 xLV 34.8 0.001 0 n/a n/a n/a 0 n/a n/a n/e
McCullough Pass SEO LVA/P 26 1.24 +1.14 xLV 51.8 0.001 0 n/a n/a n/a 0 n/a n/a n/e
Wheeler Pass ÈEO LVA/P 21 6.33 +1.97 xLV 48.1 0.001 0 n/a n/a n/a 0 n/a n/a n/e
Roberts Ranch SEO LVA/P 28 8.61 +1.20 xLV 22.7 0.01 0 n/a n/a n/a 0 n/a n/a n/e
C/)
C/)
Note: r**2 = coefficient of determination. p=level of significance
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and the station In question decreases (r=0.73, Figure 9). Typically, for Individual 
stations, correlation Is the best for winter months, due to the more regional nature 
of precipitation pattems. The localized nature of summer precipitation In the 
region results In lower values, with the correlation for annual precipitation either 
falling between or above the winter and summer values, A weaker (r=0.46) 
correlation between three-dimensional separation distance and the coefficient of 
determination (Figure 10) is demonstrated. This can be attributed to the 
mountainous nature of the periphery of the watershed and the large percentage 
of precipitation gauges located in the mountains at varying elevations.
Precipitation and Elevation 
The relationship between precipitation and elevation in regional analysis in 
the southwest has been studied by numerous authors (Quiring, 1965; Duckstein, 
Fogel and Thames, 1972; French 1983a, 1983b, 1985; Osbom 1984). Typically, 
a linear relationship between untransformed or log-transformed precipitation data 
and untransformed elevation has been suggested. Additionally, as described 
previously, Quiring (1965) and French (1983a,b) have described apparent "deficit" 
and "excess" precipitation zones in southem Nevada due to regional topography 
and moist air mass movement pattems. In order to test these hypotheses on the 
updated precipitation data gathered from the Las Vegas Valley region, a least- 
squares regression of annual precipitation against elevation for all stations was 
performed. Regressions were performed on untransformed (Figure 11 ) and log- 
transformed precipitation depths (Figure 12), with a measurable improvement in 
the coefficient of determination realized with the log-transformed set of data.
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Analysis of the elevation-log precipitation regression indicates that the 
stations included in this study which had been classified as deficit stations by 
French and Quiring (Indian Springs, Desert Wildlife Range) have high positive 
estimation errors. A high positive estimation error indicates significant over­
estimation by the regression equation. Three other stations, all located in the 
Sheep Range north of Las Vegas, had as high, or higher, positive estimation 
errors: Sheep Peak, Hayford Peak, and Hidden Forest Camp. Together, these 
five stations had the highest positive estimation error of all 27 stations considered, 
and are at or below a standard deviation from the regression line. Mean annual 
precipitation at the crest of the Sheep Range (9600 - 9800 ft. elev.) is less than 
that recorded at stations 2000 feet lower in the Spring Mountains. The period of 
record for the USGS high altitude storage gauges in the Sheep Range is limited, 
with data from 1985-1995 available. However, analysis of the precipitation data 
from 1985-1995 for stations in the region with significant periods of record 
indicates that regional precipitation was not below average during this period. 
Table 3 provides details from this analysis.
The data from Sheep Peak and Hayford Peak in the Sheep Range were not 
available for analysis by the authors of previous studies. It is hypothesized that 
the Spring Mountains, at nearly 12,000 feet, have a more significant rain-shadow 
effect than the data available to earlier investigators indicated. This phenomenon 
was suggested by Maxey and Robinson (1947) in their study of groundwater in the 
Las Vegas Valley, although they had insufficient direct precipitation data to support 
the theory. In light of the evidence for deficit zone classification for the Sheep
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Table 3. — Annual Precipitation, 1985-1995, and Deviation from Average
Station Years
Avail.
1985-
1995
Avg. Annl. 
Precip. 
1985- 
1995
Total
Years
in
Record
Avg. Annl. 
Precip.
All
Years
% Difference 
1985-1995 
vs.
All Years
Las Vegas A/P 11 4.18 58 4.22 -1.00%
Desert Wildlife Rng 10 4.35 48 4.20 3.60%
Boulder City 11 5.94 47 5.78 2.80%
Lee Canyon SEO 10 23.48 28 22.45 4.60%
McCullough Pass SEO 10 6.66 26 6.24 6.70%
Cold Creek SEO 9 19.63 28 16.62 18.10%
Wheeler Pass SEO 10 17.8! 21 14.63 21.70%
Kyle Canyon SEO 10 20.68 32 20.09 2.90%
Roberts Ranch SEO 9 15.08 28 13.55 11.30%
Average of 9 Stations 7.86%
Range, the USGS stations at Hayford Peak and Sheep Peak and the WB station 
at Hidden Forest Camp were also classified as deficit stations. The deficit zone 
boundary utilized within the Las Vegas Valley watershed is illustrated in Figure 13.
The stations identified as deficit stations were separated from the remaining 
excess stations, and least-squares regressions of elevation versus precipitation 
and log-transformed precipitation were completed. The coefficient of 
determination for the log-transformed data from excess stations was measurably 
better at 90.5% than that calculated for the untransformed data. The analysis 
indicates that annual precipitation is strongly related to elevation in the excess 
region. The same set of least-squares analyses were performed on the deficit 
stations, with the superior correlation this time belonging to the untransformed 
data. Once again, the result of this analysis indicates a very strong relationship
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between elevation and precipitation in the deficit region.
Regressions utilizing the same data format (log-transformed for deficit 
stations and untransformed for excess stations) were also performed on summer 
and winter precipitation. Results from regressions of annual, summer and winter 
precipitation against elevation are provided in Table 4. The regressions selected
Table 4. -  Summary of Least Squares Regression Analyses of Annual, Winter, 
and Summer Precipitation (in.) vs. Elevation (ft.)
Period Data
Set
Type #Data
Points
Regression Equation R2 P
annI all u 27 A.I. = -.67+.00236 x E 72.30% 0.001
annI all log 27 Log A.I. = .444 + .000101 x E 82.90% 0.001
anni exc u 22 A.l. = -1.33+ .00265x6 79.30% 0.001
anni exc log 22 Log A.I. = .451 +.000106 x E 90.50% 0.001
win exc log 16 Log W.l. = .272 + .000115xE 90.80% 0.001
sum exc log 16 Log S.l. = -.0037 + .00009 x E 86.10% 0.001
anni def log 5 Log A.I. = .267 + .000099 x E 95.50% 0.01
anni def u 5 A.l. = -1.97 + .00187xE 99.00% 0.001
win def u 5 W.L = -2.45+ .00154 xE 98.10% 0.001
def - —-.JL. 5 S.L = .175 + .000452 xE 82.6% 0.05
Notes: anni = annual, win = winter, 
elevation, exc = excess stations, A.I. = 
log = precipitation log transformed, S.l. 
of significance
sum = summer, all = all stations, u = untransformed, E = 
: annual inches, W.l. = winter inches, def = deficit stations, 
= summer inches, = coefficient of determination, p= level
as the best estimators of local precipitation are shown in italics. It is apparent that 
a measurable improvement in estimation accuracy is realized by separating the 
data into deficit and excess zones as originally proposed by French (1983a,b) and 
Quiring (1965) and modified in this study.
Based upon the updated data analyzed in this study, an equation of the
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form log (précipitation) = a + b x (elev) is superior for estimation of precipitation in 
excess zones in the Las Vegas Valley region. An equation of the form 
precipitation = a + b x (elev) had a marginally better correlation for deficit zones 
than did the log form. Coefficients of determination were greater than 83% for 
all of the regressions selected, indicating that elevation is an appropriate tool for 
use in predicting precipitation in the region, both seasonally and annually.
Accuracy of Estimation Tools 
In order to determine the relative accuracy of the precipitation estimation 
tools developed in this study and those developed by earlier investigators, the 
prediction accuracy of the respective equations in estimating annual precipitation 
was analyzed through comparison of the standard error of the estimate. The 
magnitude of the standard error of estimate is a measure of the accuracy of the 
predictive tool, with smaller values indicating higher average accuracy. The 
standard error of estimate, Sy„ is computed using Sŷ  = / [  (y-y^)^/ n], and has 
properties analogous to the standard deviation (Spiegel, 1975).
A set of stations was selected for the comparison which is considered to be 
representative of the areal and eievationai variation in the region. Stations 
analyzed included Boulder City NWS, Nellis A.F.B. NWS, Sheep Peak USGS, 
Indian Springs NWS, Cold Creek SEO, Kyle Canyon SEO, Roberts Ranch SEO, 
Potosi Peak USGS, McCullough Pass SEO, and Sunrise Manor NWS. Predictions 
for average annual precipitation for each year of record for the stations analyzed 
were made using the predictive equations for annual precipitation developed by 
French (1983, 1985) and Quiring (1965) based on elevation, the regression
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developed from the record at the Las Vegas Airport (Table 2), and the updated 
elevation-precipitation relationships developed in this study (Table 4). Table 5 
provides the results of this analysis.
The comparison in Table 5 indicates that for gauged locations the annual 
precipitation estimates developed from regressions against the Las Vegas Airport 
record are the superior predictive tool. Improvements in the standard error of the 
estimate, when compared to the most effective elevation-based regression, range 
from 20% to over 50%. Of the elevation-based regressions, the regression 
equations based on the updated data set analyzed in this study provided the most 
accurate estimate in five out of the ten cases tested. However, the differences in 
the standard error of the estimate between the updated equations and the 
equations of Quiring and French were usually quite small, and, in many cases, 
negligible (tenths of an inch).
Methodology for Estimating Precipitation 
at Ungauged Locations
Because of its central location and significant period of record, the 
database of actual daily precipitation from the Las Vegas Airport was chosen as 
the basis for developing estimates of precipitation in ungauged drainage areas 
associated with detention basins. A daily precipitation record can be used to 
estimate runoff to a detention basin from its drainage area using standard 
hydrologie techniques. The use of a "real" set of data from the region for a typical 
period was deemed preferable to the use of estimates derived or modeled using 
probabilistic means from general hydrologie data for the region compiled by the
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Table 5. -- Comparison of Prediction Accuracy
station
Name
Years
cl
Record
Elev,
(ft.)
Ares
C
Redon
Avg Anni 
Precip, 
(In.)
Equation
Updated 1996 
Avg Anni. Std Errol 
Precip. Estimate 
(In.) (In.)
Quiring 1965 
Avg Anni. Std Errol 
Precip. Estimate 
(In.) (In.)
French 1985 
Avg Anni. Std Errol 
Precip. Estimate 
(In.) (In.)
L.V. A/P Regress. 
Avg Anni. Std Errol 
Precip. Estimate 
(In.) (In.)
Boulder City NWS 47 2525 South 5.78 5.23 2.85 5.65 2.79 5.34 2.83 5.82 1.55
Nellis A.F.B. NWS 45 1881 East 4.25 4.47 2.33 4.91 2.41 4.64 2.35 4.25 1.09
Sheep Peak USGS 7 9600 Northeasi 15.51 15.98 5.78 9.42 8.38 7.00 10.27 15.52 3.78
Indian Springs 23 3120 North 3.04 3.86 1.76 3.47 1.61 4.03 1.84 3.04 0.98
Cold Creek SEO 28 7400 Northwest 16.62 17.19 6.14 16.24 6.13 15.33 6.25 16.63 4.94
Kyle Canyon SEO 32 7500 West 20.09 17.62 7.22 16.59 7.64 15.67 8.10 20.08 5.21
Roberts Ranch SEO 28 6000 West 13.55 12.22 4.75 11.99 4.82 11.32 5.08 13.54 4.01
Potosi Peak USGS 5 8080 Southwest 16.88 20.29 8.24 18.81 7.75 17.76 7.55 16.86 5.98
McCullough Pass SEO 26 3768 South 6.24 7.09 3.26 7.40 3.40 6.99 3.29 6.24 2.22
Sunrise Manor NWS 22 1820 Centra 4.52 4.40 2.03 4.85 2.05 4.58 2.02 4.52 0.77
C/)
C/)
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National Oceanographic and Atmospheric Administration (NOAA). As a significant 
outlay of capital would be required to create recharge installations, the use of 
actual data to the degree possible as a basis for evaluation is desirable.
A methodology was developed which "transforms" the precipitation record 
at the Las Vegas Airport to precipitation at an ungauged location anywhere in the 
region. This methodology is based upon the results of the analysis of precipitation 
in the Las Vegas Valley region and can be employed to synthesize a 
representative daily or annual precipitation record for ungauged locations. A 
synthetic annual or daily record is created as follows;
1) Two gauged locations in the vicinity of the ungauged location are 
selected, with the elevations of the stations bracketing the elevation 
of the ungauged location as tightly as practical. In the case of a 
detention basin's drainage area, the ungauged location would be the 
centroid of the drainage area and the elevation would be the 
average elevation of the drainage area. The longer a chosen gauged 
station's period of record, the better any estimates derived from that 
record will be because the regression between the station’s record 
and the Las Vegas Airport record (Table 2) will be based on more 
data.
2) A precipitation record (daily or annual) is selected in sequence from 
the 58-year Las Vegas Airport precipitation database.
3) Precipitation at the two gauged locations is estimated by using the 
annual precipitation regression relationships between these
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locations and the Las Vegas Airport (Table 2). If a daily precipitation 
record is being generated, the b factor in the regression equation 
must be divided by the number of days of precipitation in the year 
the daily event was drawn from.
4) Two estimates of precipitation depth at the ungauged location are 
derived from the estimates at the gauged locations. The predicted 
difference in precipitation depth between a gaged location and the 
ungauged location is calculated by using their known elevations (for 
basin - average elevation of drainage area) and the appropriate 
precipitation depth-elevation regression equations (Table 4), and 
subtracting the results. Precipitation depth is estimated at the 
ungauged location by adding or subtracting the predicted difference 
in precipitation depth to or from the gauged location's precipitation 
depth. For a daily record, the predicted difference must be divided 
by the number of days of precipitation in the year the daily event was 
drawn from.
5) A final value for precipitation at the ungauged location is obtained 
through inverse-distance weighting of the two estimates of 
precipitation at the ungauged location. The distances between the 
gauged locations and the ungauged location are utilized in an 
inverse-distance squared calculation. The inverse-distance 
weighting technique is widely used in natural resource estimation 
applications including precipitation. The amount of precipitation at
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an ungauged location, R, is given by:
(P./Di*’)
P« = ________________
(1 /  D.-)
where P, = estimated rainfall at ungauged location R from gauge i, 
D, = distance between R and gauge i, n = the number of rain 
gauges used to estimate rainfall at point R, and b = the exponent 
utilized to weight the distances. An exponent of 2 was chosen for 
the weighting factor because of the relative degree of localization of 
precipitation in the region. Generally, a factor of from 1 to 3 is 
utilized, with a lower factor giving more weight to data from distant 
sources (Simanton and Osborn, 1980; Dean and Snyder, 1977).
Inverse-distance techniques could also be employed to arrive at estimates 
of precipitation depth at the ungauged location directly from the precipitation 
depths calculated for the gauged locations (Simanton and Osborn, 1980; Dean 
and Snyder, 1977), rather than utilizing the precipitation depth-elevation 
regressions as an intermediate step. Use of the precipitation depth-elevation 
regressions was incorporated because of strong local orographic effects. As 
demonstrated previously, the difference in elevation has a stronger effect on the 
correlation between stations’ precipitation records than does 3-dimensional 
separation distance.
An example application of the estimation methodology to a typical year's 
annual precipitation is described below and portrayed in Figure 14. Basin “A" is 
located 11 miles from the Las Vegas Airport precipitation station and 14 miles from
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Subbasm
el. 3000
S '
Las Vegas Airport 
el. 2162
McCullough Pass 
el. 3768
1) Example year, Las Vegas Airport annual precipitation = 3.4”
2) McCullough Pass precipitation =  1.24" 4- 1.14 x (3.4”) =  5.12"
from LV A/P regression
3) Est. Precipitation @ Subbasin ”A” from LV A /P using elevation
regression for excess stations:
P(1) *  3.4"+ (log-1 [0.451+.000106x3000] -  log-1 [0.451+.000106x2162])
«  4.47"
4) Est. Precipitation @ Subbasin ”A” from McCullough Pass using
elevation regression for excess stations:
P(1) »  5.12T- (log-1 [0.451+.000106x3768] -  log-1 [0.451+.000106x3000])
-  3.9CT
5) Distance weighted estimate of annual precipitation at A:
P(A) -  (4.47/11 *#2 +  3.90/14*#2) /  (1/11 $#2 +  1/14##2) - ^ 2 ^
Figure 14. -  Precipitation Estimation Methodology - Example Application
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the McCullough Pass precipitation storage gauge. Annual precipitation at the Las 
Vegas Airport for the year in question is 3.4". Using the Las Vegas 
Airport/McCullough Pass regression, the estimated annual precipitation at 
McCullough Pass during the same year is 1.24" + 1.14 x 3.4" = 5.12".
Both of these stations (and the basin) are located in the excess region, with 
the average elevation of the basin equal to 3000 feet and the elevations of the 
McCullough Pass and the Las Vegas Airport precipitation stations at 3768 feet and 
2162 feet respectively. The difference in expected annual precipitation between 
the Airport and the basin is found by calculating the expected annual precipitation 
at 3000 feet based upon the elevation/precipitation regression for excess stations 
and subtracting the value calculated for 2162 feet:
Expected difference in annual precipitation, Las Vegas Airport to Basin A =
(0.451 +.000106 x 30001 _ (0.451+000106 x 2162] _  .j qjii
Estimated annual precipitation, P„ at Basin A from Las Vegas Airport =
3.4"+ 1.07" = 4.47".
In the same manner, the difference in expected annual precipitation 
between McCullough Pass and Basin A is found by calculating the expected 
annual precipitation at 3768 feet based on the elevation/precipitation regression 
for excess stations and subtracting the value calculated for 3000 feet:
Expected difference in annual precipitation, McCullough Pass to Basin A =
(0.451 + .000106 x 37681 _ . | q  (0.451 +.000106 x 3000] _  .j p p ii
Estimated annual precipitation, Pg, at Basin A from McCullough Pass = 
5.12"-1.22"=3.90".
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Inverse-distance weighting is then applied to the Basin A precipitation 
estimates derived from Las Vegas Airport ( P, ) and McCullough Pass ( Pj ) to 
arrive at the final estimated annual precipitation at Basin A ( P,, ):
P* = (4.47/11^ + 3.90/144 =4.25“
1 /1 1^ + 1 /14 *
The methodology described is used to transform the Las Vegas Airport daily 
precipitation record into a representative 58-year daily precipitation record for a 
detention basin's drainage area. The average elevation of the drainage area is 
used in calculations and the centroid of the drainage area is used for distance 
measurements. This precipitation record is designed to be utilized to calculate 
runoff, if any, from a drainage area(s) to a detention basin for each daily 
precipitation event in the 58-year period.
In utilizing the estimation procedure described, an assumption is made that 
the difference in annual or seasonal precipitation between various locations in the 
Las Vegas Valley region is primarily due to differences in the amount of 
precipitation per event. While French (1985) and Duckstein (1972) have proposed 
that both the precipitation per event and the number of precipitation events 
increase with elevation, the paucity of daily precipitation data from higher elevation 
stations in the region precludes incorporating this perspective in the analysis. The 
only daily precipitation record of meaningful length available from a station above 
4000 feet in the watershed area is the 12 year record from the Nevada Division of 
Forestry’s Kyle Canyon station.
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Validation of Basin Precipitation 
Estimation Methodology
In order to validate the methodology described for estimating precipitation 
at basins in the Las Vegas Valley region, the methodology was employed to 
generate a 48 year record of annual precipitation at the Desert Wildlife Range 
station (el. 2922). The gauged stations chosen to develop the record were North 
Las Vegas (el. 1880) and Hidden Forest Camp (el. 7550). Using the regressions 
against the Las Vegas Airport, representative records of annual precipitation over 
the same 48 year period at the North Las Vegas and Hidden Forest Camp stations 
were developed. These records were adjusted, on an annual basis, by the 
appropriate precipitation depth-elevation regression relationship to estimate 
precipitation at the Desert Wildlife Range station. An inverse-distance weighted 
average of the two precipitation estimates was then calculated. The precipitation 
record synthesized for the Desert Wildlife Range station was compared to the 
actual record for the same period. The results of this comparison are presented 
in Table 6. Also included in Table 6 are the annual precipitation estimates from 
the precipitation depth-elevation regressions analyzed in Table 5. Actual and 
estimated precipitation values are plotted in Figure 15.
The actual average annual precipitation (column P in Table 6) and standard 
deviation at the Desert Wildlife Range from 1941 to 1992 was 4.20 inches and 
2.27 inches, versus 4.19 and 1.96 for the synthesized record (column P(est)). 
These results indicate the general applicability of the methodology for estimating 
precipitation in the Las Vegas Valley region. An annual precipitation record of 
significant period was synthesized which is representative of the amount and
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Table 6. ~  Comparison of Estimation Procedures, Desert Wildlife Range Annual
Precipitation
YEAR ACT. PRECIP. 
DESERT W/R 
P
EST. PRECIP. 
FROM ELEV. 
Ptell
EST. PRECIP. 
FROM ELEV. 
P(e21
EST. PRECIP. 
FROM ELEV. 
P(e31
EST. PRECIP. 
FROM NLV +MFC 
Plest) (P-P(ei))“2 (P-P(e2n~2 IPf(a3M-2 (P-P(es0)~2
1938
1939
1940
1941 8.74 3.49 3.36 3.96 9.96 27.56 28.94 2Z85 1.49
1942 1.83 3.49 3.36 3.96 2.73 2.76 2.34 4.54 0.81
1943 5.66 3.49 3.36 3.96 4.34 4.71 5.29 2.B9 1.74
1944 3.26 3.49 3.36 3.96 2.56 0.05 0.01 0.49 0.49
1945 5.43 3.49 3.36 3.96 5.25 3.76 4.28 2.16 0.03
1946 4.33 3.49 3.36 3.96 3.51 0.71 0.94 0.14 0.67
1947 3.11 3.49 3.36 3.96 3.02 0.14 0.06 0.72 0.01
1948 1.19 3.49 3.36 3.96 1.31 5.29 4.71 7.67 0.01
1949
1950 1.41 3.49 3.36 3.96 2.69 4.33 3.80 6.50 1.64
1951 4.21 3.49 3.36 3.96 3.07 0.52 0.72 0.06 1.30
1952
1953 1.00 3.49 3.36 3.96 1.13 6.20 5.57 8.76 0.02
1954 3.05 3.49 3.36 3.96 4.75 0.19 0.10 0.83 2.89
1955 3.64 3.49 3.36 3.96 5.36 0.02 0.08 0.10 2.96
1956 0.85 3.49 3.36 3.96 2.42 6.97 6.30 9.67 2.46
1957 5.87 3.49 3.36 3.96 4.81 5.66 6.30 3.65 1.12
1958 5.86 3.49 3.36 3.96 4.59 5.62 6.25 3.61 1.61
1959 3.94 3.49 3.36 3.96 4.28 0.20 0.34 0.00 0.12
1960 4.20 3.49 3.36 3.96 4.48 0.50 0.71 0.06 0.08
1961 5.76 3.49 3.36 3.96 3.31 5.15 5.76 3.24 6.00
1962 1.79 3.49 3.36 3.96 1.91 2.89 2.46 4.71 0.01
1963 4.27 3.49 3.36 3.96 4.04 0.61 0.83 0.10 0.05
1964 1.11 3.49 3.36 3.96 0.72 5.66 5.06 8.12 0.15
1965 7.41 3.49 3.36 3.96 7.59 15.37 16.40 11.90 0.03
1966 2.34 3.49 3.36 3.96 2.31 1.32 1.04 2.62 0.00
1967 4.93 3.49 3.36 3.96 5.48 2.07 2.46 0.94 0.30
1968 1.47 3.49 3.36 3.96 1.61 4.08 3.57 6.20 0.02
1969 7.53 3.49 3.36 3.96 5.09 16.32 17.39 12.74 5.95
1970 2.60 3.49 3.36 3.96 4.53 0.79 0.58 1.85 3.72
1971 1.50 3.49 3.36 3.96 2.86 3.96 3.46 6.05 1.85
1972 6.57 3.49 3.36 3.96 4.88 9.49 10.30 6.81 2.86
1973 4.58 3.49 3.36 3.96 4.73 1.19 1.49 0.38 0.02
1974 4.77 3.49 3.36 3.96 4.59 1.64 1.99 0.66 0.03
1975
1976 6.35 3.49 3.36 3.96 6.55 8.18 8.94 5.71 0.04
1977 3.03 3.49 3.36 3.96 4.11 0.21 0.11 0.86 1.17
1978 6.88 3.49 3.36 3.96 7.33 11.49 1Z39 8.53 0.20
1979 1.95 3.49 3.36 3.96 6.57 2.37 1.99 4.04 21.34
1980
1981 3.26 3.49 3.36 3.96 3.38 0.05 0.01 0.49 0.01
1982 4.87 3.49 3.36 3.96 4.16 1.90 2.28 0.83 0.50
1983 5.78 3.49 3.36 3.96 4.88 5.24 5.86 3.31 0.81
1984 10.38 3.49 3.36 3.96 6.62 47.47 49.28 41.22 14.14
1985 2.58 3.49 3.36 3.96 1.75 0.83 0.61 1.90 0.69
1986 4.66 3.49 3.36 3.96 2.96 1.37 1.69 0.49 2.89
1987 7.21 3.49 3.36 3.96 6.39 13.84 14.82 10.56 0.67
1988 3.12 3.49 3.36 3.96 2.64 0.14 0.06 0.71 0.23
1989 1.51 3.49 3.36 3.96 2.49 3.92 3.42 6.00 0.96
1990 2.82 3.49 3.36 3.96 3.92 0.45 0.29 1.30 1.21
1991 4.07 3.49 3.36 3.96 4.19 0.34 0.50 0.01 0.01
1992 8.85 3.49 3.36 3.96 9.26 28.73 30.14 23.91 0.17
1993
1994
1995
a v er a g e 4.20 3.49 3.36 3.96 4.19
STD. DEV. 2.27 0.00 0.00 0.00 1.96
TOTAL 272.28 281.94 250.92 85.53
STANDARD ERROR OF ESTIMATE 2.38 2.42 2.29 1.33
NOTES: P(e1) =  Buchanan 1996, P(e2) =  Quiring 1965, P(e3) =  French 1983, P(est) = Buchanan 1996
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Figure 15. - - Actual vs. Estimated Annual Precipitation, Desert Wildlife Range
variation of precipitation at the location in question. The record created is more 
representative of the actual record than a record created from the precipitation 
depth-elevation regressions alone (columns P(e1), P(e2), and P(eS)).
Similar validation exercises were completed for the McCullough Pass 
station utilizing the Las Vegas Airport and Potosi Peak stations (Table 7), and for 
the Red Rock Canyon station utilizing the Roberts Ranch and Las Vegas Airport 
stations (Table 8). The McCullough Pass estimate used both summer and winter 
regressions, while the Red Rock Canyon estimate is based upon annual 
regressions only. The results of both of these cases again demonstrate the 
methodology’s ability to synthesize a representative precipitation record for a
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Table 7. - - Comparison of Estimation Procedures, McCullough Pass Annual
Precipitation
YEAR ACT. PRECIP. 
McCULPASS 
P
EST.PREQP. 
FROM ELEV. 
P le ll
EST. PRECIP. 
FROM ELEV. 
P(e21
EST. PRECIP. 
FROM ELEV. 
P(e31
EST. PRECIP. 
FROMLV+PP 
PI6SI1 (P4»(eiM -2 (P-P(2«~2 (P-P(3ii~a (P-P(esffl~2
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967 3.05 7.09 6.99 7.40 9.55 6.99 15.52 18.92 42.25
1968 4.90 7.09 6.99 7.40 1.71 4.80 4.37 6.25 10.21
1969 7.70 7.09 6.99 7.40 7.43 0.37 0.50 0.09 0.07
1970 3.80 7.09 6.99 7.40 8.06 10.82 10.18 12.96 18.12
1971 5.60 7.09 6.99 7.40 5.21 2.22 1.93 3.24 0.16
1972 2.50 7.09 6.99 7.40 7.99 21.07 20.16 24.01 30.14
1973 11.80 7.09 6.99 7.40 6.17 22.18 23.14 19.36 31.72
1974 2.00 7.09 6.99 7.40 5.29 25.91 24.90 29.16 10.82
1975 5.20 7.09 6.99 7.40 5.72 3.57 3.20 4.84 0.27
1976 3.00 7.09 6.99 7.40 13.05 16.73 15.92 19.36 101.00
1977 6.30 7.09 6.99 7.40 7.27 0.62 0.48 1.21 0.94
1978
1979
1980 9.35 7.09 6.99 7.40 7.15 5.11 5.57 3.80 4.85
1981 3.10 7.09 6.99 7.40 3.22 15.92 15.13 18.49 0.01
1982 9.60 7.09 6.99 7.40 4.87 6.30 6.81 4.84 22.39
1983 12.25 7.09 6.99 7.40 7.45 26.63 27.67 23.52 23.04
1984 5.40 7.09 6.99 7.40 13.91 2.86 2.53 4.00 72.42
1985 13.30 7.09 6.99 7.40 1.78 38.56 39.82 34.81 132.71
1986 4.55 7.09 6.99 7.40 2.46 6.45 5.95 8.12 4.37
1987 6.90 7.09 6.99 7.40 9.38 0.04 0.01 0.25 6.15
1988 5.05 7.09 6.99 7.40 2.28 4.16 3.76 5.52 7.67
1989 3.40 7.09 6.99 7.40 4.13 13.62 12.89 16.00 0.53
1990 5.45 7.09 6.99 7.40 5.62 2.69 2.37 3.80 0.03
1991 5.80 7.09 6.99 7.40 5.58 1.66 1.42 2.56 0.05
1992 9.40 7.09 6.99 7.40 15.03 5.34 5.81 4.00 31.69
1993 10.25 7.09 6.99 7.40 11.04 9.99 10.63 8.12 0.62
1994 2-50 7.09 6.99 7.40 2.18 21.07 20.16 24.01 0.10
1995
AVERAGE 6.24 7.09 6.99 7.40 6.67
STD. DEV. 3.26 0.00 0.00 0.00 3.68
TOTAL 275.67 280.82 301.26 552.34
STANDARD ERROR OF ESTIMATE 3.26 3.29 3.40 4.61
NOTES: P(e1) = Buchanan 1996, P(e2) = French 1983, P(e3) = Quiring 1965, P(est) = Buchanan 1996
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Table 8. - - Comparison of Estimation Procedures, Red Rock Canyon Annual
Precipitation
YEAR ACT. PREOP. 
RED ROCK S/P 
P
EST. PRECIP. 
FROM ELEV. 
P(e1)
EST. PREOP. 
FROM ELEV. 
Pfe2)
EST. PRECIP. 
FROM ELEV. 
Pfe3)
EST. PRECIP. 
FROMLV + RR 
Pfhrl (P -P fein-2 fP-Pfaai1"2 fP-Ple3)l~2 fP-Plflsi)1"2
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978 17.92 7.11 7.42 7.00 11.90 116.86 110.25 119.25 36.24
1979 1287 7.11 7.42 7.00 10.91 33.18 29.70 34.46 3.84
1980 15.54 7.11 7.42 7.00 9.58 71.06 65.93 7293 35.52
1981 9.24 7.11 7.42 7.00 6.74 4.54 3.31 5.02 6.25
1982
1983
1984
1985
1986
1987
1988 7.96 7.11 7.42 7.00 5.77 0.72 0.29 0.92 4.80
1989 234 7.11 7.42 7.00 5.56 2275 25.81 21.72 10.37
1990 7.45 7.11 7.42 7.00 7.44 0.12 0.00 0.20 0.00
1991 7.3 7.11 7.42 7.00 7.79 0.04 0.01 0.09 0.24
1992 16.5 7.11 7.42 7.00 14.44 88.17 8245 90.25 4.24
1993
1994 6.35 7.11 7.42 7.00 5.53 0.58 1.14 0.42 0.67
1995
AVERAGE 10.35 7.11 7.42 7.00 8.57
STD. DEV. 4.83 0.00 0.00 0.00 289
TOTAL 338.01 318.90 345.25 102.17
STANDARD ERROR OF ESTIMATE 5.81 5.65 5.88 3.20
NOTES: P(e1) = Buchanan 1996, P(e2) = Quiring 1965, P(e3) = French 1983, P(est) = Buchanan 1996
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location in the watershed.
A Fortran computer program was written to synthesize daily precipitation 
records using the Las Vegas Airport record and the methodology described. This 
Fortran program, known as BASNFLW, is described in detail later in this chapter. 
Three successful trial runs were made with this program to verify that the annual 
precipitation totals derived from the synthesized daily records for the Desert 
Wildlife Range, McCullough Pass and Red Rock Canyon stations were the same 
as those derived by using only annual precipitation data.
It should be noted that the precipitation estimation methodology developed 
in this study has application outside of the immediate requirements of this study. 
Accepted methods for estimation of precipitation at ungauged locations include 
effective uniform depth, isohyets, Theissen polygons, inverse-distance, and use 
of precipitation depth data compiled by NOAA. The method presented in this 
study allows for incorporation of a greater quantity of local precipitation data than 
do other methods, and facilitates estimation of the characteristics of daily 
precipitation events. A potential additional use of the method is for estimation of 
precipitation for direct recharge estimates.
Conversion of Point Precipitation to 
Areal Precipitation
The precipitation values addressed thus far have been related to a specific, 
isolated point in space. Precipitation during a storm event falls over large areas, 
with higher intensity typically measured near the center of the storm. The areal 
variation in precipitation depth during storm events is evident in the precipitation
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records for the Las Vegas Valley, In which it is very common for daily precipitation 
depths to vary significantly between stations at approximately the same elevation 
and separated by as little as 5 miles. It is therefore necessary to adjust point 
precipitation values downward to more accurately reflect the areal average of 
precipitation depth received during an event.
Geographically-fixed depth-area ratios are used to convert point 
precipitation values to average areal depth of precipitation over a basin. Depth- 
area reduction curves have been tabulated by NOAA for storm events of 30 
minutes to 24 hours. Historically, the same set of curves was used for the entire 
western United States. However, in the raid-1980's curves were developed which 
are specific to the southwestern United States. This set of curves, known as 
HYDRO-40 (U.S. Dept, of Commerce, 1984), are based on analysis of dense 
network recording raingauge data. Such a dense network allows measurement 
of actual precipitation falling during a storm event at numerous points in a 
watershed. The watershed analyses which served as the basis for development 
of the HYDRO-40 curves were done in central and eastem Arizona and central 
and westem New Mexico. The specific HYDRO-40 curves derived for central 
Arizona are recommended for use in the Las Vegas Valley area (with slight 
modification) by the Clark County Regional Flood Control District (WRC 
Engineering, 1990) and the U.S. Army Corps of Engineers (USACE, 1988). These 
curves are illustrated in Figure 16.
Quantities of daily precipitation estimated for a basin must be classified with 
respect to the storm's duration in order to select a depth-area curve for use. This
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Figure 16. -  HYDRO-40 Depth-Area Reduction Factors (NOAA, 1984)
classification can be accomplished through utilization of precipitation frequency 
analysis data. French (1983b) analyzed a total of 855 summer and winter storms 
occurring at the Las Vegas Airport over a period of 29 years. Average 
precipitation for storms of varying duration was calculated for the summer and 
winter seasons. A summary of the results of this analysis is given in Table 9.
The data in Table 9 was used to construct precipitation depth bounds 
(Table 10) for use in determining the correct HYDRO-40 curve to use. Storms of 
0 to 4 hours duration were assigned to the 3-hour curve, with the winter 
precipitation bounds being from 0 inches to 0.075 inches (half way between the 
average winter storm depth for storms of 2 to 4 hours and 4 to 10 hours), and the 
summer precipitation bounds being from 0 inches to 0.15 inches. Storms of 4 to
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Table 9. -  Storm Data for Las Vegas Airport
Duration 
Interval, t 
(hours)
Precipitation 
per Winter 
Storm (Inches)
Precipitation 
per Summer 
Storm (Inches)
Percentage of 
All Storms in 
This Intenral (%)
Percentage of 
Total Precip. in 
This Intervai (%)
Os t< 2 0.03 0.05 8 2
2s t < 4 0.04 0.10 35 16
4s t<  10 0.11 0.20 42 36
10s t 0.39 0.63 15 43
Source: French, 1983
Table 10. — Precipitation Depth Bounds for Depth-Area Curve Selection
Duration Winter Precipitation 
Depth (inches), P(w)
Summer Precipitation 
Depth (inches), P(s)
3 hour 0.00 s P(w)  ̂0.075 0.00 s P(s) s 0.15
6 hour 0.075 < P(w)  ̂ 0.25 0.015 < P(s) s 0.42
12 hour 0.25 < P(w) 0.42 < P(s)
10 hours duration were assigned to the 6 hour curve and storms greater than 10 
hours duration were assigned to the 12 hour curve, with the winter and summer 
precipitation bounds determined in the same fashion. Curve assignments for 
precipitation events utilized in this study are generally conservative in that depth- 
area factors from curves for a shorter duration event are lower than the factors for 
longer duration storms.
Determination of Surface Runoff 
Factors which affect the volume of runoff resulting from a storm event 
include the amount of precipitation, soil type, soil moisture, antecedent rainfall.
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vegetative cover type, the presence of impervious surfaces, infiltration rates and 
surface retention. Hydrologie studies to determine runoff would Ideally be based 
upon long-term stationary streamflow records for the area. Unfortunately, in the 
Las Vegas region, as in many other areas of the arid west, most “streams” are 
ephemeral and no records of meaningful length for stormwater flows exist. As 
described previously, the USGS and Clark County Regional Flood Control District 
have a limited network of streamflow and stage recording equipment at locations 
within the flood control system In the region. The data from this network were not 
used because of short and broken periods of record.
In the absence of streamflow data, estimates of surface runoff must be 
developed using hydrologie models based on measurable watershed 
characteristics. The Soil Conservation Service (SCS) developed a methodology, 
known as the SCS Method of Abstractions, for computing runoff from precipitation 
events (USDA, 1993). The combined effects of soil type, vegetative cover and 
conservation practices are represented by runoff curve numbers, or “CN’s”. The 
CCRFCD recommends the use of the SCS Method of Abstractions in the Clark 
County Area for runoff calculations (WRC Engineering, 1990).
SCS Method of Abstractions 
(USDA, 1984,1986; Chow et al., 1988)
The amount of direct runoff, is less than or equal to the depth of 
precipitation, P. There is an initial depth of precipitation, known as the initial 
abstraction, 1̂, for which no runoff will occur due to the effects of surface storage, 
interception by vegetation, and infiltration prior to runoff. The potential runoff is
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therefore equal to P- The additional depth of precipitation retained in the 
watershed after runoff begins, F,, is less than or equal to some potential maximum 
retention, S. The SCS method assumes that the ratio of the two actual to the two 
potential quantities of water are equal: F, P
S P- la
The total depth of precipitation is equal to the sum of the direct runoff, initial 
abstraction, and subsequent abstraction by the continuity principle (see Figure 17).
w
a:
zo
ÛL
ow
a:
0.
TIME
Figure 17. -  SCS Method of Abstractions Variables (modified from Chow et al., 
1988)
Combining these two equations yields the following equation for calculating the
depth of direct runoff from a storm: (P - I
Pe = _______
P - la + S
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The SCS studied a great number of small experimental watersheds and 
developed an empirical relationship between the initial abstraction and the 
potential maximum retention: I, = 0.2 x 8
The equation for direct runoff can be rewritten as: (P - 0.28)^
Pe =  ________________
P + 0.88
The 80S  plotted actual P and P, data for a large group of watersheds and 
developed curves such as those shown in Figure 18. A dimensionless curve
7-
—  6-
'90
Ç  5-
>80
QC 4- !- - t o
UJ
ÇÇ 3-
Q
LU CN-40
S 1-
10 12
CUMULATIVE RAINFALL P. IN INCHES
Figure 18. -  Solution of the 8 0 8  Runoff Equations
number, ON, was defined such that 0 s ON  ̂ 100. For impervious surfaces ON 
= 100, or close to it. All other surfaces capable of retaining some moisture have
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a CN of less than 100. The runoff curves and the equation for direct runoff were
used to develop the following relationship between the curve number and S (in
inches): 1000
S = ______ - 10
CN
Curve numbers have been compiled by the SCS for varying hydrologie soil 
groups, vegetative cover types, and hydrologie conditions (consen/ation practices). 
Over 8000 soils in the United States have been classified by the SCS, based upon 
their subsurface permeability and surface intake rate, into the following four 
hydrologie soil groups:
Group A: Deep sand, deep loess, aggregated silts. Low runoff
potential.
Group B: Shallow loess, sandy loam. Moderate infiltration rates
when thoroughly wetted.
Group C: Clay loams, shallow sandy loam, soils low in organic
content, and soils usually high in clay. Slow infiltration 
rate when thoroughly wetted.
Group D: Soils that swell significantly when wet, heavy plastic
clays, and certain saline soils. High runoff potential. 
Runoff cun/e numbers for arid and semiarid rangelands as determined by the SCS 
are indicated in Table 11. The rating system for hydrologie condition appearing 
in Table 11 is based upon an assessment of the effects of cover type and 
treatment on infiltration and runoff. “Good” indicates greater than 70% ground 
cover, “fair" indicates 30% to 70% ground cover, and “poor" indicates less than
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Table 11. -  Runoff Curve Numbers for Arid and Semiarid Rangelands
Cover Description Curve Numbers for 
Hydrologie Soil Group -
Cover Type Hydrologie
condition
A B C D
Herbaceous - mixture of 
grass, weeds, and low- 
growing brush with brush 
the minor element
Poor 80 87 93
Fair 71 81 89
Good 62 74 85
Oak-aspen - mountain 
brush mixture of oak 
brush, aspen, mountain 
mohogany and other brush
Poor 66 74 79
Fair 48 57 63
Good 30 41 48
Pinyon-juniper - pinyon, 
juniper, or both; grass 
understory
Poor 75 85 89
Fair 58 73 80
Good 41 61 71
Sagebrush with grass 
understory
Poor 67 80 85
Fair 51 63 70
Good 35 47 55
Desert shrub - major 
plants include saltbrush, 
greasewood, creosote, 
blackbrush, bursage, etc.
Poor 63 77 85 88
Fair 55 72 81 86
Good 49 68 79 84
Source: U.S.D.A., 1986
moisture conditions
30% ground cover. The higher the percentage of ground cover in a watershed, the 
lower the potential for runoff.
Soils in the Las Vegas Valley have been mapped by the SCS (USDA, 
1985). Soils of all four hydrologie soil groups are found in the Las Vegas Valley 
watershed. Design reports for detention basins and other flood control system
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features In the Las Vegas area prepared by consulting engineering firms describe 
the soil types found in tributary areas and the appropriate curve numbers for use 
in hydrologie calculations. The soil type and curve number determinations are 
made following SCS methodology. These reports are prepared under the 
guidance of Nevada Registered Professional Engineers.
Precipitation prior to a storm event can effect the runoff resulting from the 
storm due to saturation of the soil. The amount of precipitation falling in the five 
days prior to the event being studied is used to determine the antecedent moisture 
condition (AMC) of the soil. Three antecedent moisture conditions, I, II, and III, are 
classified as shown in Table 12.
Table 12. -  Antecedent Moisture Classes for the SCS Method of Abstractions
AMC group 
1
Total 5-day Antecedent Precipitation
Dormant Season Growing Season
less than 0.5 inches Less than 1.4 inches
II 0.5 to 1.1 inches 1.4 to 2.1 inches
III Over 1.1 inches Over 2.1 inches
Source: Chow et al., 1988
The curve numbers presented in Table 11 apply for normal antecendent 
moisture conditions, or AMC II. AMC I represents “dry” conditions and AMC III 
“wet” conditions. For wet conditions, AMC III is calculated based on the following 
empirically-derived equation:
23 X (CN(II))
CN(III) = _________________
10 + 0.13x(CN(ll))
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For dry conditions, AMC I is calculated using:
4.2 X (CN(II))
CN(I) = ___________________
10-0.058 x(CN(ll))
Based on the above equations, it can be seen that as the AMC group 
number increases, the CN increases, reflecting increasing soil saturation. The 
CCRFCD recommends that the AMC II CN be used as the “normal” condition in 
the Las Vegas area for design of stormwater conveyance and detention structures. 
This convention assures a level of confidence in the capability of structures 
designed and built within the watershed area to safely handle flood flows. For the 
purposes of this study, however, it is appropriate to utilize the AMC I CNs for the 
normal dry condition of the soils in the area. French, McKay and Fordham (1996) 
observed:
“Evaporation is perhaps most important in how it effects antecedent 
moisture conditions; in arid environments such as southern Nevada there 
is generally no antecedent moisture in undisturbed desert soils due to the 
long temporal separation between rainfall events and ....evaporation rates”
Winter Precipitation, Rainfall vs. Snowfall 
Snow accumulation is rare in the lowlands of the Las Vegas Valley, with 
snowfall of an inch or more occurring at the Las Vegas Airport (el. 2162 ft.) on 
average every 2 years. However, at higher elevations of the watershed the 
majority of precipitation falling during winter months is in the form of snow. 
Daily/monthly precipitation data from two stations at an elevation high enough to
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regularly receive snow are available. The precipitation record from the NDF 
station in Kyle Canyon, located at 7,606 feet, has daily snowfall and daily total 
precipitation for a 16 year period, beginning in 1981. The NWS station at Red 
Rock Canyon State Park, located at 3,780 feet, has daily total precipitation and 
monthly snowfall records available for a twenty year period, beginning in 1977. 
The other precipitation data available from higher elevations in the watershed is 
the semi-annual or annual data derived from storage gauge readings.
Snowfall in the Spring Mountains and Sheep Range in the Las Vegas Valley 
watershed is generally considered to be the primary source of water for 
groundwater recharge in the Valley (Noack, 1988; LW W D, 1994). Snowfall at 
higher elevations, however, does not typically result in significant runoff during the 
coldest winter months. In order to determine how to account for snowfall in runoff 
projections from basins within the watershed, the precipitation/snowfall data from 
Kyle Canyon and Red Rock Canyon State Park were analyzed. The percentage 
of precipitation falling as snow was determined for each winter month in the two 
stations’ record. This data is presented in Figure 19.
At the Red Rock Canyon station, 97.5% of the annual precipitation falls as 
rain, and 96.6% of winter precipitation falls as rain. At the Kyle Canyon Station, 
35.7% of the annual precipitation falls as snow, with 51.1% of winter precipitation 
falling as snow. Inspection of Figure 19 indicates that the percentage of 
precipitation falling as snow in any one month never exceeds 7% at the Red Rock 
anyon station, while the percentage is equal to or greater than 60% during four 
months at the Kyle Canyon station. In comparing the percentage of precipitation
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Figure 19. ~ Winter Precipitation, Kyle Canyon and Red Rock Canyon State Park
falling as snow at two geographically-proximal locations, the respective 
temperatures at the two locations is a significant factor.
The average daily temperature experienced at any location is a function of 
the elevation, or geopotential height, of that location. A U.S. Standard 
Atmosphere has been defined by NOAA, with the definition including the 
temperature/height gradients for atmospheric subdivisions. The average gradient 
for the troposphere (0-11 km) is -6.5 K per kilometer (Gill, 1982), or -.0036 ° F per 
foot. The relationship between temperature and elevation is defined as being 
linear, with only the temperature at “0" elevation a variable.
In order to verify that the local temperature gradient during winter months
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was similar to that defined in the U.S. Standard Atmosphere, daily temperature 
records for the precipitation stations at Las Vegas McCarran Airport (el. 2162 ft.). 
Red Rock Canyon State Park (el. 3780 ft.), and Kyle Canyon NDF (el. 7606 ft.) 
were compiled for the winter months, during which it is typical for snow to fall. This 
data was plotted as average monthly temperature versus elevation. A linear 
regression was then done to determine the temperature/elevation gradient during 
these months, with the result being -0.0035 ° F per foot (r=.75, p=.001). Based 
upon this regression analysis, it is concluded that the temperature in the Las 
Vegas Valley can, in a general or average sense, be considered to vary linearly 
with elevation, and that this variation is similar to average atmospheric variation.
The methodology utilized in this study for approximating the percentage of 
precipitation falling as snow at a given location during a winter storm event is 
based upon the assumption that this percentage varies linearly with elevation as 
does temperature. In other words, on a given winter day, if the same precipitation 
event were to be experienced at two locations in the valley, the fraction of 
precipitation falling as snow at the two locations is related to the elevation of the 
two locations. Linear relationships between the elevation and percentage of 
precipitation falling as snow were developed using the daily precipitation data from 
the Red Rock Canyon State Park and Kyle Canyon NDF stations. These 
relationships were developed for each winter month, November through April, and 
are presented in Figure 20. Based upon the small percentage of precipitation 
falling as snow in October (Red Rock - 0%, Kyle Canyon - 2.23%), it will be 
assumed for the purposes of this study that precipitation falling in the month of
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October is rain or very wet snow which has the potential to cause runoff.
A factor for the percentage of precipitation falling as rain during a daily 
precipitation event is obtained from the curves in Figure 20 using the elevation of 
the point of interest and the appropriate curve for the month of the year in which 
the event is taking place. This percentage is then multiplied by the depth of 
precipitation on the day in question to determine the amount of precipitation which 
could potentially contribute towards runoff. In this study, snowfall, as estimated 
by the method described, is not considered to be a source of surface runoff to 
peripheral detention basins. The methodology utilized is considered to be 
representative of the precipitation received in an area where cold temperatures are 
not generally sustained over long periods of time. As Figure 21 illustrates, the 
month with the lowest average daily temperature at the Kyle Canyon station is 
January, at 31.3 ° F. At the Red Rock Canyon station, the average yearly low is 
also in January at 41.4 ° F.
Transmission Losses 
The volume of stormwater flow in a normally dry stream channel is reduced 
due to infiltration into the bed and banks of the channel. These losses, known as 
transmission losses, can be significant in watershed runoff calculations. 
Transmission losses are influenced by the elevation of the groundwater table, the 
character of the materials in the channel bed and banks, and the wetted perimeter 
of the channel. Channels in coarse sands and gravels can have large losses 
during the stormwater flow period, while channels in silts and clays and channels 
underlain by caliche will have losses of lower magnitude.
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Detailed information regarding the physical characteristics of the many 
stormwater channels in the Las Vegas Valley region is not available. Additionally, 
transmission loss calculations using theoretical or semi-empirical methods such 
as Lane's (USDA, 1993) are complicated for the large drainage areas associated 
with peripheral detention basins because of multiple channels, channel avulsions 
and distributary flow systems. Thus, a more general method was selected as 
being the most practical for application to the problem addressed in this study. A 
method of channel loss estimation developed by the Soil Conservation Service 
(USDA, 1993) was utilized in this study to account for channel losses in influent 
ephemeral streams in drainage areas associated with detention basins.
Determination of channel losses under the SCS method involves calculation
of a "climatic index" for the basin being investigated. The climatic index is defined
as; Ci = 100 Pa
(Ta)2
where Ci = Climatic Index
Pa = average annual precipitation in inches 
Ta = average annual temperature in degrees Fahrenheit 
The climatic index is then used to determine a channel loss reduction factor based 
on empirically-derived relationships between the climatic index, channel loss, and 
basin area. These relationships are illustrated in Figure 22. In order to calculate 
the climatic index for a specific basin, the average annual precipitation is 
calculated using the appropriate elevation-precipitation regression as presented 
in this study. The average annual temperature for the basin is calculated using the 
mean annual temperature at the Las Vegas Airport, the difference in elevation
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between the Las Vegas Airport and the basin's average elevation, and the 
atmospheric temperature gradient as calculated in this study for the Las Vegas 
region:
mean annual temperature at basin =
66° - (0.00345 °/ft) X (basin elevation ft - 2162 ft) 
where 66° = mean annual temperature at L.V, Airport 
2162 ft = elevation of L.V. Airport
0.00345 °/ft = atmospheric temperature gradient 
Once the climatic index and basin area are determined, a value for the 
channel loss reduction factor is interpolated from the curves presented in Figure
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22. The channel loss reduction factor is then applied to the quantity of runoff 
calculated for any specific event or period at the basin.
It is recommended by the SCS that this methodology only be employed 
where the climatic index is less than or equal to one. Analysis of the precipitation 
stations in the watershed area indicates that the value of the climatic index only 
just reaches one at the elevation of the highest stations utilized. Therefore this 
method is applicable to channel loss estimation for basins in the Las Vegas Valley 
watershed.
It has been determined through studies of actual flood flow data that in the 
southwestem United Sates large floods caused by thunderstorms are unlikely to 
occur above an elevation threshold (Thomas et al., 1994). The basis for this 
assertion includes available energy and moisture in the atmosphere for the 
convective process and generally abundant vegetative cover in high elevation 
areas below the timber line which enhances infiltration. The elevation threshold is 
a function of latitude, and decreases in a northward direction. Between 29° and 41° 
latitude (Las Vegas Valley = 36 °) this threshold Is estimated to be 7500 feet. 
Additionally, as previously noted, in the Las Vegas Valley area the presence of 
highly permeable alluvium in high elevation canyons in surrounding mountain 
ranges results in little to no surface runoff from the mountains reaching the apron 
or valley lowland areas. The effect of these factors is evident in the discharge 
records for the USGS crest-stage gauge at 4500 feet elevation in Kyle Canyon 
(Bauer et al., 1996). During the 32 year period of record (1961-1993), the 
maximum flow in the main Kyle Canyon channel at this location, which has a
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drainage area of 36 square miles, was only 1660 cubic feet per second. Given the 
above, calculations for runoff reporting to detention basins in this study are based 
on the portion of a detention basin’s drainage area which is below 7500 feet 
elevation. Application of this elevation threshold in runoff calculations for 
peripheral detention basins with elevations of greater than 7500 feet in their 
tributary areas will result in reduced estimates for the quantity of runoff reporting 
to these detention basins. The difference in quantity is generally assumed to 
infiltrate at higher elevations and contribute to natural groundwater recharge in the 
Las Vegas Valley.
Fortran Implementation of Basin Precipitation 
and Runoff Estimation Methodology
The methodology developed in this study for estimating precipitation at an 
ungauged basin location in the Las Vegas Valley watershed, areal average 
precipitation over the basin, and runoff from the basin resulting from the 
precipitation event was implemented as a computer program utilizing Fortran 77. 
The program, known as BASNFLW, has been designed as an interactive routine 
In which the user provides the following input data:
1) basin name;
2) size of the basin (square miles);
3) average elevation of the basin (feet above msl);
4) excess or deficit zone classification of the basin;
5) SCS curve number (CN) for the basin (average);
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6) precipitation stations to use for synthesis of precipitation record at 
basin;
7) distances between the basin and precipitation stations or the UTM 
coordinates of the basin; and
8) desired file names for all output files.
An outline of BASNFLW program execution is provided in Appendix I, and a 
complete program listing is provided in Appendix II.
Additional input data is extracted from the following three associated ASCII 
data files:
1) LV3895.txt, 58-year daily precipitation record from the Las Vegas 
Airport.
2) REGRDAT.txt, precipitation station data from stations in the Las 
Vegas Valley watershed, Including elevation, UTM coordinates, and 
annual, summer, and winter precipitation regression parameters.
3) DAYSPP.txt, number of annual days of precipitation and days of 
precipitation during winter and summer seasons for the 58 year Las 
Vegas airport record.
Output from the program, given the input described, includes the following:
1 ) a 58-year synthesized daily point precipitation record for the basin;
2) a 58-year synthesized daily average areal precipitation record for the 
basin (inches of precipitation);
3) a 58-year synthesized daily stormwater flow record from the basin 
(1000 acre-feet);
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4) a summary file of monthly precipitation and stormwater flow for 58- 
year period;
5) a summary file of yearly precipitation and stormwater flow for 58- 
year period; and
6) a summary file of input data used in basin study.
The monthly and annual summary files generated by BASNFLW are 
spreadsheet-importable to facilitate data manipulation. Examples of the file 
formats for the input and output files are provided in Appendix III. Instructions for 
updating BASNFLW and its associated data input files for new precipitation data 
or related changes are provided in Appendix IV.
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WATER QUALITY
The physical and chemical properties of the water arriving at peripheral 
detention basins during and after a storm event will determine if the untreated 
water is appropriate for han/est and recharge and if recharge activities will be 
hampered by physical and/or chemical factors. The quality of stormwaters are 
influenced by many factors (Hess and Zimmerman, 1980) including:
1. Precipitation intensity and distribution;
2. Physical basin characteristics such as area, shape, and channel 
morphology;
3. Basin geology and soils;
4. Basin vegetation; and
5. Urbanization.
Water quality parameters which are of concem in considering the feasibility 
of a stormwater harvest and groundwater recharge system include the sediment 
load of stormwaters, the chemical quality of stormwaters as related to their 
chemical compatibility with groundwater, and the overall water quality of 
stormwaters as related to regulatory requirements. The sediment load of 
stormwaters will affect the choice of recharge methods and the type and frequency
76
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
77
of maintenance operations for the harvest/recharge system. The chemical 
characteristics of stormwater, in combination with the characteristics of aquifer 
materials and groundwater, may encourage chemical reactions which result in 
clogging of perforations in water well casings and clogging of pore spaces in the 
aquifer. Stormwater must meet all applicable federal, state, and local water quality 
standards if it is to be commingled with the waters of an aquifer used for potable 
water supply.
Much of the sediment carried by flood waters is expected to be deposited 
in the bottom of the detention basins and must periodically be cleaned out as part 
of a normal detention basin maintenance routine. It may be necessary to increase 
the frequency of sediment removal to optimize recharge activities. The finer 
fraction of suspended particles such as silts and clays may remain in suspension 
while the stormwater is in the detention basin and be carried into the recharge 
pathways, causing clogging of the interstices of soil units through which recharge 
is occurring.
The chemical quality of recharge waters may cause precipitates such as 
calcium carbonate to form when the waters come into contact with the soils of the 
recharge zone or the waters of the receiving aquifer. Precipitates can clog pore 
spaces in the zone of recharge, resulting in a gradual decrease of permeability 
overtime. Perforations in water well casings can also become clogged due to this 
process. If recharge waters have a higher sodium concentration than receiving 
groundwaters, cation exchange reactions can result in swelling of clay minerals in 
the aquifer. Such swelling can also reduce aquifer permeability over time.
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The majority of suspended and dissolved solids earned in stormwaters 
originating in undeveloped areas are derived from inorganic mineral and rock 
material. Undeveloped areas are not expected to be a significant source of any 
of the organic and trace material contaminants typically carried by urban 
stormwaters (URS Company, 1977). Oil and grease, surfactants, bacteria, 
phosphorous, nitrogen, organochlorines, metals and other contaminants found in 
the wash waters in urbanized Las Vegas can be assumed to have originated within 
the developed areas of the city. Exceptions to this generalization are possible if 
historic sites of industrial, mining, or dumping activities exist within the 
"undeveloped” area. Inspection of topographic maps and aerial photos is often 
helpful in locating such sites, however, the potential for stomnwater contamination 
from such a site can only be determined through detailed sampling and analysis. 
No systematic program has been undertaken in the Las Vegas Valley watershed 
area to locate such sites and identify any potential associated contamination 
hazards.
The State of Nevada's "No Degradation” policy will not allow recharge 
waters to adversely affect the quality of the waters of the aquifers in the Las Vegas 
Valley. Under Nevada Administrative Code (NAC) Section 445A.819, “Degrade” 
is defined as “causing or creating an increase in the amount of concentration of 
any substance in an underground source of drinking water to an extent that a 
regulation prescribing standards for primary drinking water is violated or the 
director (Nevada Division of Environmental Protection) finds that the existing or 
potential municipal, industrial, domestic, or agricultural use of that water is
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Impaired”. Nevada drinking water standards for major inorganic constituents and 
other physical characteristics relevant to stormwaters in undeveloped watersheds 
are shown in Table 13.
Table 13. -  Selected Drinking Water Quality Standards, Nevada
Constituent Chemical
Notation
Standard
Alkalinity HCO3 No standard set
Boron B No standard set
Calcium Ca No standard set
Chloride Cl 400 mg/l
Conductivity No standard set
Iron Fe 0.6 mg/l
Magnesium Mg 150 mg/l
Manganese Mn 0.1 mg/l
Potassium K No standard set
Silica No standard set
Sulfate SO4 500 mg/l
Sodium Na Monitoring requirement only
Total Dissolved 
Solids
TDS 1000 mg/l
Source: Lynn, 1997.
Information on the physical and chemical properties of stormwaters 
originating on undeveloped lands in the Las Vegas Valley region is not abundant. 
The main impetus for surface water sampling activities in the Las Vegas area in 
the last thirty years has been quantification of pollutant loading in major washes 
due to urbanization and industrialization. Most of the sampling has been done in
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the heavily developed areas of the Valley and in Las Vegas Wash.
To supplement the small quantity of water quality sampling data available 
from undeveloped areas in the Valley, additional literature relevant to the subject 
of stormwater quality was reviewed. The subjects covered in this review included:
1) Surficial geology in the Las Vegas Valley.
2) Surface water quality in other areas of southern Nevada.
3) Surface water quality in other areas of the Colorado River basin.
4) Surface water quality in other areas of the Mojave Desert.
The goal of the review was to obtain data and information from these sources that 
would augment existing data from the Valley and would be of value in selecting the 
most favorable areas of the Valley for stormwater harvest and groundwater 
recharge.
A review of literature pertaining to subsurface water quality was conducted 
in order to define areas of the valley which have groundwater quality suitable for 
use as potable water. Recharge activities would not be conducted in areas with 
sub-standard groundwater quality. The subject of the final literature review 
conducted under the “water quality” umbrella was the chemical compatibility of 
surface and subsurface waters. The LW W D’s groundwater recharge program, 
involving injection of treated Colorado River water, provides valuable information 
on this subject.
Surficial Geology - Las Vegas Valley
The exposed bedrock characterizing the mountain areas bordering the 
watershed is described by Plume (1989):
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1) The Spring Mountains to the north and west and the Sheep Mountains 
and Las Vegas Range to the north and northeast are composed primarily 
of carbonate and clastic rocks.
2) The McCullough and River Mountain ranges to the south are composed 
of volcanic rocks.
3) Sunrise and Frenchman Mountains to the east are dominated by 
carbonate and clastic rocks (including gypsum beds), with some gneissic 
and granitic rocks exposed at the base of Frenchman Mountain.
The minéralogie composition of the large coalescing alluvial fans formed at 
the base of the mountains in the watershed area is dependent upon the mountains 
from which they were derived (Dettinger, 1987). Thus, the fans to the west and 
north flowing from the Spring, Sheep, and Las Vegas Ranges are predominately 
cemented and uncemented calcareous clasts, the fans to the east flowing from 
Sunrise and Frenchman Mountains are primarily composed of calcareous and 
gypsiferous clasts, and the fans to the south flowing from the McCullough and 
River Mountains are dominated by volcanic clasts.
Dinger's (1977) study of the relationship between surficial geology and 
near-surface groundwater quality in the Las Vegas Valley provides a 
comprehensive evaluation of surficial alluvial geology in the bajada and basin 
lowland portions of the Valley. On the bajadas, a thin layer of surficial gravels and 
cobbles overlies erosional surfaces developed on consolidated alluvial apron 
gravels and layered sand, silt and clay units belonging to older basin lowland-type 
deposits. Basin lowland deposits consist primarily of intermixed sand, silt, and
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clay, with pebble and small cobble horizons present within the finer sized materials 
and gravels abundant in localized areas. Dinger classified surface areas in the 
Valley into carbonate or sulfate lithofacies. Carbonate and sulfate particles may 
be transported from mountain sources by eolian and fluvial processes, or 
dissolved in surface and groundwaters and discharged to the valley, where 
evaporation results in the deposition of sulfate and/or carbonate in the alluvium. 
Gypsum and anhydrite beds are present in the ranges on both the east and west 
sides of the valley, providing a source of sulfate, while limestone and dolomite 
bedrock provides carbonate from the west, north, and east. The designation of 
sulfate and carbonate lithofacies in the valley, based upon Dinger's assessment 
of overall relative occurrence of sulfate and carbonate in alluvial units is shown in 
Figure 23.
Soils in the area of sulfate lithofacies in the eastern and southeastern 
portion of the valley have more abundant sulfate and chloride salts (including 
gypsum, anhydrite, glauberite, thenardite, mirabilite, and halite) and a higher 
percentage of fine grained sediments than do the soils in the area of carbonate 
lithofacies. The major groundwater discharge region for the valley is in the east 
and southeast. Sulfate salts are more soluble than carbonates, and the increased 
granular surface area of finer grained sediments enhances dissolution. Dinger 
found that major ions in near-surface groundwater (<50 feet) exhibit significant 
concentration differences between sulfate and carbonate lithofacies, with 
bicarbonate higher in carbonate lithofacies and all other ionic constituents higher 
in sulfate lithofacies, resulting in higher TDS values.
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Figure 23. -  Physiographic and Hydrochemical Features, Study Area (compiled 
from Dinger (1977) and Brothers and Katzer, (1990))
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Surface Water Quality Data- Las Vegas Valley 
Hess and Zimmerman (1980) studied the chemical characteristics of 
stormwater runoff in Flamingo Wash. This study was completed as part of the 
salinity control effort in the Colorado River basin mandated by the "Colorado River 
Basin Salinity Control Act" (PL 93-320). The westemmost sampling location 
(designated #1 ) in Flamingo Wash selected for the study was near the Caesar's 
Palace parking lot. At the time the samples were gathered (1977-78), it was 
estimated that the area of Flamingo Wash above this sampling location (105 
square miles) was 98% undeveloped. Waters from five storm events were 
sampled at this location, with the flow in the wash at the time of sampling ranging 
from less than 1 cfs to greater than 300 cfs (Table 14). The TDS (total dissolved 
solids) of the samples ranged from 162 mg/l to 446 mg/l, with no correlation 
between flow and TDS evident. The average TDS of all of the samples taken at 
location #1 was 296 mg/l. The TDS values of samples taken at other locations 
farther down stream during the same storm events increased with distance 
traveled. The stormwaters collected at location #1 were classified as a calcium- 
bicarbonate-sulfate type. The report also notes that these waters emanate from 
an area comprised of carbonate lithofacies as described by Dinger (1977).
During February, 1994, a single water sample was taken by the USGS from 
stormwaters (immediately after rainfall event) in Las Vegas Wash above the North 
Las Vegas Detention Basin. This location in the wash was, at the time of 
sampling, upstream of urban development in the watershed, and the wash was 
normally dry. The sampling was undertaken as part of the USGS National Water
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Table 14. -  Stormwater Quality Sampling Results, Flamingo Wash, 1977-1978
Sample
c8 pH Ca^:mg/l % Na;mg/l K;mg/l HCO^mg/l c rm ^ S O /mg/l
TDS
la 3 7.0 72 7.5 9.2 3 65 12 148 289
1b <1 7.2 80 6.2 8 2.5 88 4 168 318
2 2 7.8 44 7 4.8 1.6 94 9.4 62 180
3 1 7.6 35 2.5 4.3 2.3 69 10 66 162
4 <1 7.0 100 5 58 6 67 7.2 203 370
5a 312 7.4 113 12 12 6.1 108 15 226 446
5b 25 7.8 62 7 12 4.6 108 19 100 270
5c 5 7.5 69 9 23 5.7 110 36 124 334
Source; Hess and Zimmerman, 1980.
Quality Assessment (NAWQA) program, and the sample results given below were 
reported in the 1995 NPDES Stormwater Discharge Permit Report for the Las 
Vegas Valley (Montgomery Watson, 1995). The sample was taken when the flow 
was estimated at 0.25 cfs, and analysis indicated a TDS value of 52 mg/l and a 
TSS value of 867 mg/l. The NPDES report concludes that the sample values 
"should be somewhat representative of low flows in Las Vegas Wash unaffected 
by urbanization." The term “low flows” was interpreted to mean low-volume 
stormwater flows.
Surface Water Quality Data - Southem Nevada Region 
Woessner (1980) sampled stormwater quality over a two year period (1978- 
1979) in four drainage basins tributary to the North Shore of Lake Mead. This 
reconnaissance effort was sponsored by the Bureau of Land Management under 
PL 93-320. The study area included Government Wash, Echo Wash, and Valley
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of Fire Wash. The western boundary of the study area was within 6 miles of the 
eastern edge of the Las Vegas Valley watershed. All four basins studied have 
their upper reaches in the Muddy Mountains. These basin areas are composed 
of fresh water elastics and chemically deposited sediments, except for a basin 
which includes the Valley of Fire area. The Valley of Fire area contains Mesozoic 
sediments of both marine and non-marine origin. Basin area soils are classified 
as Entisols and Aridsols, derived from weathering of bedrock materials. Gypsum 
has been identified in the principal geologic units exposed in each basin.
Table 15 provides the water quality data from samples taken at the farthest 
down-channel sampling point in each basin for each of the storm events. These 
sample points are generally near the edge of the mountain front. The TDS of all 
events sampled ranged from 1,270 to 2,000 mg/l, with the water generally being 
a calcium sulfate type. Flow rates of the events sampled ranged from 2 cfs to 
2,900 cfs. The data again does not indicate a correlation between flowrate and 
TDS. Gypsum in basin soils was thought to be the primary agent responsible, 
through bank and channel erosion, for the calcium sulfate characteristics of 
stormwater. Calcium and sulfate were, as evident in Table 15, the greatest 
contributors to TDS in all of the samples taken during the study. Eolian material 
containing sodium and bicarbonate sulfate was thought to contribute to a minor 
degree to overall stormwater quality. Woessneris data indicates that TDS generally 
increased downstream during a storm event.
The USGS, as part of further attempts to quantify the sources on public 
lands of dissolved solids which contribute to the Colorado River, has also sampled
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Table 15. -  Stormwater Quality Sampling Results, Basins Tributary to North 
Shore of Lake Mead, 1978-1979
Sample
cS
pH ca'=;
mg/l % Na;mg/l K;mg/l HCO^mg/l c rmg/l S O /mg/l
TDS
Govemment Wash
BLM100 n/s 7.4 300 16 6 n/s 204 4 634 1242
wslOla 160 7.3 315 26 10 n/s 255 8 813 1088
wslOlb 368 7.13 640 38.5 13 9.6 332 21 1008 1817
wslOlc 2 7.2 58 5.3 2.4 3.4 139 0.7 11.5 3088
Echo Wash
wsSOIa 430 7.4 520 45.6 39.3 8.7 151 38 1420 1876
ws301b 1140 7.2 464 18.4 18.6 6.4 176 16 947 1405
ws301c 65 6.9 359 21.4 18.1 10.2 140 16.4 668 1425
Valley of Fire Wash
BLM400 n/s 7.6 145 8 13 n/s 114 13 307 661
ws402a 580 7.0 88 53 56 n/s 390 51 1072 1821
ws402b 2640 7.3 190 22.6 12.9 8.6 370 14 158 719
Source: Woessner, 1980
stormflow events in ephemeral Pahranagat Wash, approximately 9 miles 
northwest of Moapa (Gortsema, 1993). Measurements and samples of 19 
stormflows were taken, with results indicating an average flow of 38.3 cfs, a 
maximum flow of 3550 cfs, and an average specific conductance of 237 
micromhos/cm, with a maximum and minimum specific conductance of 112 and 
550 micromhos/cm. TDS in these stormwaters, estimated by multiplying 
micromhos/cm by 0.7 (Hem, 1970), ranged from approximately 78 to 385 mg/l, 
with a mean of 166 mg/l.
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Surface Water Quality Data - Price River Basin, Utah 
A study of storm runoff and water quality in the Price River basin of central 
Utah was completed under BLM contract in 1981 (Unitex Corp., 1982). This study 
was again undertaken to provide information relating to salt loading from areas 
tributary to the Colorado River. While the study area is dominated by the Mancos 
Shale unit, and therefore is quite dissimilar with respect to surficial geology from 
the Las Vegas Valley area, several conclusions were drawn based upon the study 
which are relevant:
1 ) Correlation between ID S or Total Solids (TS) and flow quantity was
not evident (TS = TDS + Total Suspended Solids).
2) The salt/solid ratio (TDS/TS) associated with stormwater samples 
are related to the soluble mineral content of erodible soils.
3) TDS concentration is strongly dependent on sediment concentration.
Surface Water Quality - Eastern California Desert 
Water samples from ephemeral flows on alluvial fans at the base of the 
Inyo and Coso Mountain ranges in eastern California were collected by Conway 
(1997) during the period 1994-1996. The Inyo Mountains are primarily composed 
of metavolcanics and marine sedimentary rocks. The Coso Range has a granitic 
core covered by volcanics and sedimentary deposits. Conway notes the potential 
effects of windblown soluble salts from Owens Dry Lake on TDS concentrations 
in surface runoff, attributing the higher concentration of analytes in the Coso 
Range samples to a greater accumulation of these salts. A summary of the data 
from these samples indicates the following:
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1) Electrical conductivity of samples from the Inyo Mountains ranged 
from 200 - 900 micromhos, while samples from the Coso Range 
ranged from 600 -1600 micromhos. Corresponding values for TDS 
(estimated by multiplying EC by 0.7) of the samples from the Inyo 
Mountains are 140 to 630 mg/l, while for the Coso Range samples 
it is approximately 420 to 1120 mg/l.
2) Samples with the highest concentration of analytes were generally 
associated with the first significant runoff event occurring after a 
relatively long period of no precipitation. In these events, 
accumulated windblown sediments are flushed from the watersheds.
3) Measured flows ranged from 1 cfs to over 700 cfs.
Surface Water Quality - Summary
Little sampling of stormwater from undeveloped areas has been 
accomplished to date in the Las Vegas Valley watershed. The samples that have 
been taken (Hess and Zimmerman, 1980; Montgomery Watson, 1995) indicate 
that waters emanating from undeveloped areas to the north, northwest and 
northeast are of good quality, and, from a regulatory standpoint, would be 
appropriate for mixing with the waters of the producing aquifers in the valley. 
Based upon these data and review of literature concerning surficial geology in the 
Las Vegas Valley and stormwater quality in other arid environments in the 
southwestern United States, the following working hypotheses will be used in 
selecting the most favorable site(s) in the Valley for stormwater harvest:
1 ) Stormwaters reporting to peripheral detention basins with mostly
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undeveloped tributary areas would not be expected to contain 
concentrations of organic and trace contaminants at levels 
exceeding primary drinking water standards.
2) The concentration of dissolved salts in stormwaters can be expected 
to increase as the waters flow farther from their point of origin. 
Contributions towards the dissolved salt load in stormwaters would 
be the greatest from the soils of the valley lowland areas, with lesser 
contribution by the coarser sands and gravels of the coalescing 
alluvial fan surfaces, and minor contribution by rocks found in the 
exposed bedrock areas.
3) Stormwaters emanating from the area of sulfate lithofacies in the 
eastern and southeastem areas of the valley can generally be 
expected to have higher levels of dissolved solids than waters from 
carbonate lithofacies areas in the north and northwest due to higher 
percentages of fine grained materials and more abundant sulfate 
and chloride salts. Existing water quality sampling data indicate that 
stormwaters originating in the north and northwest areas of the 
valley during events sampled in the late 1970's and in 1994 would 
have met Nevada drinking water standards for inorganic 
constituents. It is considered likely that waters emanating from 
areas of carbonate lithofacies would meet Nevada drinking water 
standards, while it is less likely (although not impossible) that waters 
emanating from areas of sulfate lithofacies would because of
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increased availability of soluble salts.
4) Stormwater quality can be greatly influenced by the length of time 
between significant precipitation events. Accumulation of eolian 
material between storm events can affect water quality in areas with 
nearby sources of exposed fine grained material containing soluble 
salts. In the Las Vegas Valley, the south and southeast portions of 
the watershed have such sources.
5) Anthropogenic sources of organic and inorganic contaminants will 
result in a gradual decrease in stormwater quality as the waters flow 
through developed areas of the valley.
6) The suspended solids load of stormwaters will be higher at detention 
basins closer to the steeper areas of the watershed, carrying 
significant amounts of sediment into basins located there. 
Stormwater harvest and groundwater recharge methodologies 
considered for application in the Las Vegas Valley area must take 
into account the presence of these sediments, providing for filtering, 
settling or skimming prior to recharge or allowing for easy removal 
of accumulated sediments.
Subsurface Water Quality
The chemical character of groundwater in the Las Vegas Valley area is a 
function of the mineralogy of the surrounding mountains and the lithology of the 
valley fill aquifers along the water’s flowpath. The general groundwater quality in 
the primary alluvial aquifer in the Las Vegas Valley is characterized by Brothers
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and Katzer (1990) as exhibiting calcium-bicarbonate-sulfate hydrochemical facies 
in the northwest, calcium-magnesium-bicarbonate facies in the north, and a mix 
of the two types resulting in calcium-magnesium-bicarbonate facies in the vicinity 
of the main wellfield of the Las Vegas Valley Water District (see Figure 23). 
Recharge to the aquifer is from the north and northwest and originates primarily 
in the carbonate rocks of the Spring and Sheep Mountains, with some contribution 
from the regional carbonate aquifer at depth (Noack, 1989). In the southwest and 
south-central areas of the Valley, gypsiferous carbonate rocks and gypsiferous 
soils result in a calcium-sulfate type water, while in the eastern and southern areas 
of the valley, the volcanic rocks of the River Mountains and McCullough Range 
exert some influence, resulting in a higher concentration of sodium and sulfate 
(Hines et al., 1993). This distribution of hydrochemical facies agrees with Mifflin’s 
(1988) assertion that in the Great Basin, sulfate and chloride ions tend to increase 
in relative concentration along longer groundwater flowpaths and that sodium and 
potassium ion concentrations increase while calcium and magnesium 
concentrations decrease through base exchange.
Dettinger (1987) reported on the results of a valley-wide water quality 
sampling program (USGS) utilizing 40 wells. General subsurface water quality 
conditions in the Las Vegas Valley at that time as indicated by this sampling 
program are summarized by Dettinger;
"The quality ranges from good, in the deepest wells in the northwest 
quadrant of the valley where dissolved solids range from 200 to 400 mg/l, 
to very poor, in shallow wells tapping the water table in the center and
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southeast portions of the valley where dissolved solids range from 2,000 to 
more than 7,000 mg/l. Water extracted from near the water table was 
generally the poorest in quality everywhere in the valley, although along the 
north and west margins of the valley floor no chemical distinction between 
the quality of shallow and deep water could be made. Samples from 
intermediate and deep wells in the southern half of the valley were 
generally of poorer quality, with dissolved solids ranging from 700 to 1,500 
mg/l, than the samples from the north and northwest. The most common 
water quality constraint on potential uses of ground water from Las Vegas 
Valley for drinking is a high dissolved solids concentration. In wells tapping 
the shallow zone in the southeast end of the valley, the overall dissolved 
solids content, along with the concentrations of sulfate and magnesium, 
commonly exceed drinking water standards. In the lowest parts of the 
valley, especially along Las Vegas Wash, chloride levels also exceed the
standard The deeper wells in these same areas generally yield water of
much better quality."
In a 1993 report prepared by the Las Vegas Valley Water District and the 
Nevada Division of Environmental Protection (Hines et al., 1993), the results of 
sampling of the 40-well USGS network over the period 1983-91 are described. 
The report concludes that the overall quality of the deep/intermediate zone (>100 
ft.) of the alluvial aquifer in the northwest Valley shows little change from earlier 
sampling, with TDS levels generally less than 300 mg/l and the concentrations of 
all other constituents below Federal and State drinking water standards. Some
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impact from the injection of treated Colorado River water for recharge is seen in 
the quality data for several nearby wells in the northwest Valley, as the TDS of 
treated waters from the Colorado is in the range of 700 mg/l. The water quality in 
the deep/intermediate zone deteriorates across the valley from northwest to 
southeast, with TDS increasing to over 1000 mg/l. The quality of the 
shallow/intermediate zone (<100 ft.) of the alluvial aquifer was found to be 
unsuitable for drinking water except in the northern and western fringes of the 
Valley. TDS concentrations in the shallow/intermediate zone for the northwest 
areas of the Valley ranged from 600 to 1,000 mg/l, while in the central and 
southeast Valley the concentrations often exceeded 3,000 mg/l.
Subsurface Water Quality - Summary 
The quality of subsurface waters in the Las Vegas valley is spatially 
variable, with the lowest quality, both in the principal (deep/intermediate) and near 
surface (shallow/intermediate) aquifers, found in the south and southeast portions 
of the valley. In this region of the valley, the waters of both the principal and near 
surface aquifers have locally been found to exceed Nevada drinking water 
standards for TDS and sulfate. It is therefore not considered practical to provide 
recharge to the primary aquifer from detention basins in these areas. In the north, 
northwest, and northeast portions of the valley, the quality of the primary aquifer 
is suitable for drinking water and these areas are considered appropriate for 
recharge with stormwaters of suitable quality.
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Chemical Compatibility of Surface and Subsurface Waters 
No direct data concerning the chemical compatibility of surface and 
subsurface waters in the Las Vegas Valley is available; however, the Las Vegas 
Valley Water District's (LW W D) program of groundwater recharge through 
injection of treated Colorado River water does provide useful information related 
to this issue. Brothers and Katzer (1990) reported upon the results of a pilot study 
(1987) and a larger artificial recharge demonstration project (1988) commissioned 
by the LWWD to assess the potential for calcite precipitation resulting from mixing 
native groundwater and aquifer sediments with treated Colorado River water. 
Calcite precipitation can result in the clogging of perforations in water well casings 
and pore spaces in the aquifer materials, thereby reducing the permeability of the 
aquifer in the vicinity of the recharge well over time. The results of the study 
indicated that calcite precipitation would not be a major concem in initiating a full- 
scale recharge program, with the level of precipitation termed "insignificant".
The pilot scale and demonstration projects were conducted in the westem 
portion of the Las Vegas Valley. The pilot-scale study was conducted west of the 
main LWW D wellfield in the region of calcium-bicarbonate-sulfate hydrochemical 
facies. The main LW W D wellfield is located approximately 2 miles northwest of 
the intersection of Interstate 15 and Highway 95. The demonstration project was 
conducted at the LWWD's main wellfield, in the region of calcium-magnesium- 
bicarbonate hydrochemical facies. The chemical quality of treated Colorado River 
water used in the injection tests was lower than the quality of stormwaters sampled 
in the Las Vegas Valley (north and northwest), with higher concentrations of most
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major Inorganic ions and higher pH (see Table 16).
Table 16. - - Water Quality Comparison, Stormwater and Treated Colorado River
Water
Type
pH Câ %
mg/l % Na!mg/l Kmÿl
HCO^
mg/l
c r
m ^ S O /mg/l
TDS
Treated 
Colorado R. 
Average
8.1 66.7 25.8 72.6 4.1 156 59.3 216 590
Stormwater 
Table 14 
Average
7.4 71.8 7.0 16.4 4.0 88.6 14.1 137 296
sjotes: TDS for Treated Colorado River estimated by multiplying field conductivity 
by 0.7. Values for treated Colorado River water from Brothers and Katzer (1990).
The LWWD's artificial recharge study also concluded that the probability 
of experiencing problems of clay swelling causing reduced porosity in the aquifer 
due to cation exchange reactions was low. This problem can result from 
substitution of sodium from sodium-rich recharge waters for calcium in the clay 
lattice structure of clays such as smectites and iilites. Certain areas of the valley, 
such as the valley lowlands in the central portion, with topographic gradients 
insufficient to cause runoff velocities high enough for transport of fine-grained 
sediments, may be rich enough in clays to result in a swelling problem. Peripheral 
detention basins are generally located above the lowlands in the valley, and would 
therefore not generally be expected to be sites where clay swelling would 
significantly affect recharge activities. It should also be noted that sodium 
concentrations from past sampling of stormwaters from the north/northwest portion 
of the Valley were very low.
The adjusted sodium adsorption ratio (BAR) provides a means to assess 
the potential for a water to damage soil structure and decrease permeability
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through replacement of adsorbed calcium and magnesium with sodium (Hem, 
1970). The adjusted SAR is calculated using the following equation (Driscoll, 
1986);
adj SAR = Na + [1+(8.4 -pHc)]
(C.a+Mg)°.^
2
with solute concentrations in milliequivalents per liter (meq/L) and pHc a function 
of calcium and magnesium concentrations and alkalinity. High adjusted SAR 
values (>15) indicate the risk of displacement of alkaline earths. The adjusted 
SAR was calculated for the stormwater sample from the Flamingo Wash 
watershed (Table 14) with the highest sodium concentration and for “average” 
stormwater as shown in Table 16. The values obtained, 2.45 and 0.79, are well 
within the low hazard range for undesirable ion exchange in any soil type.
The results of the LWWD's artificial recharge pilot and demonstration 
projects do not lead to site-specific conclusions regarding the compatibility of local 
stormwaters and groundwater at detention basin locations in the Las Vegas Valley 
because of the demonstrated spatial variability of subsurface water quality and the 
predicted spatial variability of surface water quality. It can generally be concluded, 
however, that subsurface waters in the nortfi/northwest portion of the Valley would 
appear to be compatible with surface flows from that portion of the Valley which 
has been sampled in the past. Site specific evaluations are recommended for 
proposed recharge sites.
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WATER QUALITY REGULATORY REQUIREMENTS
Peripheral detention basins are generally located in a wash or drainage 
channel, and, as a consequence, activities related to construction of a stormwater 
han/est and groundwater recharge system in a detention basin have the potential 
to impact the quality of ephemeral waters which flow in the channel. Recharge 
operations would involve the commingling of stormwaters with the waters of the 
primary groundwater aquifer in the Las Vegas Valley. Such operations have the 
potential to impact the quality of the receiving waters. Federal, state and local 
water quality regulations must be reviewed to determine the water quality 
regulatory requirements applicable to the installation and operation of a harvest 
and recharge system.
On the federal level, the Clean Water Act (CWA) and the Safe Drinking 
Water Act (SDWA) deal with water quality control issues relevant to construction 
and operation of a stormwater harvest/groundwater recharge system. The United 
States Environmental Protection Agency (EPA) is given principal responsibility for 
administering both the CWA and the SDWA. The CWA and the SDWA 
established guidelines for individual states to follow in designing their own water 
pollution control program. Generally, a state may obtain primary enforcement
98
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authority for either of these acts by adopting regulations which are at least as 
stringent as the federal regulations, developing adequate procedures for 
enforcement of the state regulations, and maintaining records and periodic reports 
which are required by the EPA (Wolf, 1988). The state of Nevada has been 
authorized by the EPA to administer specific portions of the CWA and SDWA. 
The Nevada Water Pollution Control Act of 1973 established water pollution 
control programs for this purpose and defines a methodology for the state to issue 
permits and to monitor compliance with the applicable federal law. Additional 
regulations pertinent to the installation and operation of a stormwater 
harvest/groundwater recharge system in the state of Nevada are found in the 
Nevada Revised Statutes (NRS).
Clean Water Act
The Clean Water Act (CWA) contains the following four significant 
programs for the control of water pollution (Gallagher, 1995):
1 ) A permit program which regulates point source discharges into the
waters of the United States;
2) A program to control and prevent oil spills and spills of other 
hazardous substances;
3) A program which regulates discharges of dredge and fill materials 
into the waters of the United States; and
4) A program which provides financial assistance for construction of 
public sewage treatment works.
Items 1, 2, and 4 are administered by the EPA, while the U.S. Army Corps of
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Engineers (CoE) administer item 3. Only items 1 and 3 have potential application 
to the construction and operation of a stormwater harvest and groundwater 
recharge system.
The National Pollutant Discharge Elimination System 
Item 1 is known as the National Pollutant Discharge Elimination System 
(NPDES). Section 301 of the CWA prohibits the "discharge" of "pollutants" from 
"point sources" to the "nation's waters" unless authorized by a permit from the 
EPA or authorized state. Pollutants are defined in Section 502 of the CWA to 
include nearly all forms of municipal, industrial, and agricultural waste, including 
dredged spoil, biological materials, rock, and sand. Point sources are defined as 
including any discernible, confined or discreet conveyance, including pipes, 
ditches, channels, tunnels, conduits, landfill leachate collection systems, etc., from 
which pollutants are or can be discharged. The nation's waters are defined to 
include all waters of the United States, including the territorial seas. Litigation over 
the term navigable waters during the 1970's has resulted in this term being applied 
to essentially all surface waterways, no matter the flow or their capacity for 
navigation. Important decisions include United States v. Ashland Oil and 
Transportation Co., 504 F.2nd 1317 (6th Cir. 1974) and Quivera Mining Co. v. 
United States Environmental Protection Agency, 765 F. 2nd 126 (10th Cir. 1985).
Pursuant to Section 402 of the CWA, the NPDES permit program can be 
administered through a state run regulatory program if the EPA Administrator has 
approved the state program. Eighty percent of the states have assumed 
responsibility for issuing NPDES permits. Whether administered by the EPA or
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State, the Important facets of the NPDES permit program are effluent limitations 
and compliance schedules for achieving the limitation goals. Effluent limitations 
are determined by technology-based effluent limitations (Sections 301, 304, 306, 
and 307) and water quality-based effluent limitations (Section 302 and 303). Other 
waste treatment requirements can be required in NPDES permits ("Best 
Management Practices") as well as monitoring and reporting requirements (Miller 
et al., 1990).
An NPDES permit (402 permit) is necessary for nearly any discharge of 
industrial process water, non-contact cooling water, raw water overflow, and 
stormwater runoff from a point source into the waters of the United States. Only 
runoff of a sheet flow type, and runoff from a few specifically defined-activities is 
exempt. The state of Nevada was authorized by the EPA in 1992 to administer 
the NPDES, including issuance of permits for the discharge of pollutants into 
navigable waters. An NPDES permit must be obtained for construction activities 
which can effect the quality of stormwaters through increased sedimentation or 
through contact with oils and other fluids associated with heavy equipment 
operation.
Dredge and Fill Permits 
A special permit program to control dredge and fill operations (Item 3) is 
established in Section 404 of the CWA. Discharge or placement of dredged or fill 
material from a point source into navigable waters of the United States is 
prohibited under Section 301 of the CWA unless authorized by a permit issued by 
the U.S. Army Corps of Engineers under Section 404. "Fill" includes any amount
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of sand, gravel, rock, etc. placed or dropped in a channel of waters of the U.S. 
This definition, because of spillage from heavy equipment, causes any 
construction activity in a channel to result in fill being placed in the channel. 
Individual states may be allowed to assume responsibility for the dredge and fill 
permit program upon submission of an approved program of enforcement. The 
state of Nevada has not been granted responsibility for administration of the 
Section 404 permit program.
While the CWA addresses "navigable waters", the term is defined in the 
CWA to include all "waters of the United States". Thus, the term "navigable" is of 
very limited significance (see United States v. Riverside Bay View Homes, Inc., 
474 U.S. 121 (1985)). EPA regulations define "waters of the United States" to 
include: a) waters used in interstate commerce; b) interstate waters; c) intrastate 
lakes, rivers, streams, wetlands, etc which are used by interstate travelers for 
recreation and other purposes, are sources of fish or shellfish sold in interstate 
commerce, or are utilized for industrial purposes by industries engaged in 
interstate commerce; d) impoundments and tributaries of waters within these 
categories; and e) wetlands adjacent to waters within these categories (Holme 
Roberts & Owen, 1993). Additionally, the EPA has issued policies which define 
intrastate waters which are used by migratory birds and seeps and springs which 
support unusual flora or fauna as waters of the United States (including ephemeral 
stream courses). In practice, it is often necessary to seek a determination from 
the CoE as to whether the waterbody or watercourse in question would be 
controlled under Section 404's requirements.
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The CoE is authorized to issue general permits for statewide, regional, and 
national application for any type of activity which the CoE determines is similar in 
nature and will only cause minimal adverse environmental impact when performed 
separately or cumulatively. There are 36 nationwide permitted activities (33 C.F.R. 
§ 330.5 and 56 Fed. Reg. 2408). Nationwide Permit No. 26 applies to headwaters 
and isolated waters. If the affected area is less than three acres but more than 
one acre, involves less than 500 linear feet of channel, and is in a drainage with 
a mean annual flow of less than 5 cubic feet per second (3600 acre-feet per year), 
only a notification to the CoE of intent to operate under the nationwide permit is 
required. If the affected area is less than 1 acre, it is exempt. If the area is greater 
than 3 acres, involves more than 500 linear feet of channel, or has a mean annual 
flow of more than 5 cubic feet per second, an individual permit is required and a 
complete permit application to the CoE is required.
Construction of a stormwater harvest and groundwater discharge system 
may involve the installation of large diameter wells. The total area of disturbance 
for each of the well locations would be far less than one acre, and the total 
disturbance at any one detention basin would, in all likelihood, also be less than 
three acres. If trenches and/or pits are employed to enhance infiltration of 
stormwater, the area of disturbance could be much greater than three acres at a 
specific detention basin. Additionally, maintenance operations involving the 
removal of silt from the trenches/pits would technically impact the same acreage. 
Installation of wells alone would probably not impact 500 linear feet of channel, 
however, construction of trenches and/or pits probably would, as the peripheral
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basins are longer than 500 feet on-channel. The mean annual flow of a larger 
drainage basin (Red Rock Detention Basin) was determined to be less than 1 
cubic foot per second. Based on the above, it is anticipated that recharge wells 
could be installed and operated under Nationwide Permit #26, while an individual 
permit could be required to construct and operate a system of recharge trenches 
and/or pits. The CoE requires 30 days to approve a nationwide permitted activity 
and 120 days for an individual permit.
Safe Drinking Water Act
The Safe Drinking Water Act (SDWA) contains the following significant 
programs for protection of public drinking water supplies (Williams, 1995):
1 ) Setting and enforcement of primary and secondary drinking water
standards for physical, chemical, biological, or radiological 
substances to protect public health and welfare;
2) The granting of variances to drinking water standards in certain 
cases;
3) Development of requirements by the EPA for disinfection of
groundwater (not under the influence of surface water) used as
drinking water;
4) Establishment of criteria by the EPA for determining if filtering of 
surface water supplies (or groundwater under the influence of 
surface water) for microbial contaminants is required if the surface 
water is used as drinking water;
5) Public notification of drinking water violations;
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6) Development of an Underground Injection Control (UlC) program
which regulates the subsurface introduction of fluids through an 
injection well; and
7) Development of wellhead protection programs.
Item #6 is applicable to the installation and operation of a stormwater harvest and 
groundwater recharge system.
Underground Injection Control Program
The EPA was directed under SDWA to promulgate regulations for state 
underground injection control programs. The goal of the UlC program is to protect 
underground sources of drinking water (USDW) from contaminants. Of interest 
are underground injection activities which may result in an adverse effect on public 
health, or would adversely affect the drinking water provider's ability to meet 
national primary drinking water regulations. Underground injection is the 
subsurface emplacement of fluids by well injection. Well injection is fluid 
emplacement through any bored, drilled, or driven shaft or dug hole that is deeper 
than it is wide (40 CFR § 146.3).
USDWs are defined as an aquifer, or portion of an aquifer, which supplies 
any public drinking water system or which contains a sufficient quantity of 
groundwater to supply a public drinking water system, and either currently supplies 
drinking water for human consumption or contains fewer than 10,000 mg/l total 
dissolved solids (TDS). As the EPA's secondary drinking water standard for TDS 
is 500 mg/l, the 10,000 mg/l criteria indicates the EPA's desire to broadly regulate 
underground supplies of water.
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The EPA has defined five classes of wells addressed under the UlC 
program:
Class I: wells that inject hazardous waste and industrial and municipal 
waste disposal wells that inject fluids below the lowermost drinking water 
formation;
Class II: wells associated with the oil and gas industry, including salt water 
injection wells, enhanced recovery wells, wells injecting liquid hydrocarbons 
for storage and certain wells at natural gas plants;
Class III: wells injecting fluids for the extraction of minerals (ex. solution 
mining);
Class IV: wells injecting hazardous waste or radioactive waste into a 
formation within 1/4 mile from a USDW;
Class V: all other injection wells, including community or regional, salt 
water intrusion barrier wells, injection wells associated with geothermal 
wells, and aquifer recharge wells.
If wells are employed to enhance subsurface infiltration of stormwater, these 
recharge wells would fall under the EPA Class V designation. The state of Nevada 
received authorization from the EPA to assume primary responsibility for issuance 
of UlC permits in 1988.
Nevada Water Pollution Control Act 
The Nevada State Legislature passed the Nevada Water Pollution Control 
Act in 1973 based on findings that pollution of water in Nevada:
a) Adversely affects public health and welfare;
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b) is harmful to wildlife, fish and other aquatic life; and
c) Impairs domestic, agricultural, industrial, recreational and other 
beneficial uses of water.
The legislature declared that it is the policy of the State of Nevada and the 
purpose of NRS §§ 445A.300 - 445A.730, inclusive:
a) To maintain the quality of the waters of the state consistent with the 
public health and enjoyment, the propagation and protection of 
terrestrial and aquatic life, the operation of existing industries, the 
pursuit of agriculture, and the economic development of the state; 
and
b) To encourage and promote the use of methods of waste collection 
and pollution control for all significant sources of water pollution 
(including point and diffuse sources).
"Pollution" is defined by the act (NRS §445A.405) as the man-made or man- 
induced alteration of the chemical, physical, biological and radiological integrity of 
the water. “Waters of the state" are defined (NRS §445A.415) as waters situated 
wholly or partly within or bordering upon Nevada, including streams, lakes, ponds, 
impounding reservoirs, marshes, water courses, waterways, wells, springs, 
irrigation systems and drainage systems and all bodies or accumulations of water, 
surface and underground, natural or artificial.
The Nevada Pollution Control Act implements provisions of the CWA and 
SDWA which control point source and diffuse source discharges to surface waters 
and discharges through injection wells into groundwater. The act specifies (NRS
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§445A.465) that except as authorized by a permit issued by the department 
pursuant to the provisions of the Nevada Pollution Control Act, it is unlawful for any 
person to:
1 ) Discharge from a point source any pollutant into any waters of the 
state.
2) Inject fluids through a well into any waters of the state.
3) Discharge from a point source a pollutant or inject fluids through a 
well that could be carried into the waters of the state by any means.
4) Allow a pollutant discharged from a point source or fluids injected 
through a well to remain in place where the pollutant or fluids could 
be carried into the waters of the state by any means.
The act also addresses the development of controls for diffuse source discharges 
(NRS §445A.570).
The State Environmental Commission is charged in the act (NRS 
§445A.425) with adopting regulations conceming water quality standards, waste 
discharge, and fluid injection into underground water. The Nevada Department of 
Conservation and Natural Resources is designated in the act as the state water 
pollution control agency (NRS §445A.440) and is the regulatory agency 
responsible for carrying out the Commission's regulations and verifying 
compliance with provisions of the CWA and SDWA. The Division of 
Environmental Protection (NDEP) is the arm of the Department of Conservation 
and Natural Resources which administers water pollution regulations. The 
Commission is required to delegate the administration of controls of diffuse
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sources to cities and counties with the money and staff to properly administer the 
program (Lionel Sawyer & Collins, 1993),
Nevada UlC Regulations 
Underground Injection Control regulations are found in Nevada 
Administrative Code (NAC) §§ 445A.81G - 445A.925. A well installed for the 
purpose of aquifer recharge would be classified as a Class V well in Nevada, and 
would require a permit from the Nevada Division of Environmental Protection. The 
penrnit application must include a legal description of the location of the proposed 
well(s), a map indicating well location(s) and other pertinent water-related features, 
a description of local hydrology and geology, detailed construction plans, proposed 
operating data for the well(s) including injection rates and volumes, information 
conceming the source of the fluid to be injected and its physical, chemical, and 
biological characteristics, a chemical analysis of the receiving waters to ensure 
compatibility and the hydraulic conductivity of the receiving formation, proposed 
procedures for injection and maintenance, and a plan for plugging and abandoning 
the well. A perfonnance bond in favor of the state must be obtained to ensure the 
resources necessary to plug and abandon the well.
It is required that the fluid injected must not degrade the physical, chemical, 
or biological quality of the aquifer into which it is injected, unless the aquifer is 
exempted by the Director of the Nevada Department of Conservation and Natural 
Resources. Aquifers exempted do not and are not ever expected to serve as 
sources of drinking water. “Degrade" is defined in NAC § 445A.819 as “...causing 
or creating an increase in the amount or concentration of any substance in an
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underground source of drinking water to an extent that : 1) a regulation prescribing 
standards for primary drinking water is violated; or 2) the director finds that the 
existing or potential municipal, industrial, domestic or agricultural use of that water 
is impaired.”
The applicant will be notified within 30 days if his application is complete. 
A 30-day public notice (comment period) of the proposed decision on the 
application is then provided by NDEP. Any persons who wish to make comment 
upon the application can do so in writing or request a public hearing. NDEP must 
arrange for a hearing if it is determined that there is a sufficient degree of public 
interest or if it decides it is prudent. Notice of the public hearing must be 
published at least 30 days prior to the hearing. NDEP is then required to issue or 
deny the permit within 30 days of the close of the comment period or the public 
hearing. Permits are valid for a maximum period of 5 years, and can be renewed 
upon 180 day advance notice.
A group of similarly designed injection wells located upon a single property, 
operated by the same applicant, and injecting the same class of fluid can be 
issued a permit as a single facility. The NAC also provides for the issuance of a 
general permit to regulate a category of injection wells within a defined area if all 
of the wells involve the same types of injection, inject the same types of fluids, 
require the same limitations for the permit and operating conditions, and require 
similar monitoring. It is possible that a valley-wide recharge well program could 
operate under a general permit. It should be noted that this scenario is only likely 
for peripheral basins, as basins intemal to development have entirely different
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water quality constraints. In the absence of a general permit, it is expected that 
each detention basin in which recharge wells are utilized for groundwater recharge 
would require a single UlC permit covering all of the wells within that basin.
The state of Nevada has not permitted an aquifer recharge well similar to 
those commonly used for stomriwater harvest and groundwater recharge. As such, 
the NAC requirement for a well to be located "on a well-drained site not subject to 
inundation by a flood with a recurrence interval of 100 years" has never been 
applied to a stormwater harvest project. Discussion with NDEP personnel 
indicates that a permit could be written to waive this requirement given its obvious 
conflict with the purpose and operating constraints of such a recharge system.
Periodic monitoring of the injected fluid's physical, chemical, and biological 
nature will be required in any permit granted. Reports to NDEP describing these 
characteristics, along with the injection rates and volumes, would likely be required 
as a condition of the permit.
Nevada NPDES Permit Program 
Under NAC §§ 445A.228 - 445A.345, an NPDES-type stormwater permit 
will be required for construction activities which disturb more than 5 acres 
undertaken at a detention basin for installation of a stormwater 
harvest/groundwater recharge system. In addition to the acreage of the
harvest/recharge infrastructure itself, the 5 acre figure includes acreage disturbed 
for access and any other general activities related to construction. These permits 
are issued by the state of Nevada under U.S. Stormwater General Permit No. 
GNV0022241. Because of the inclusion of acreage affected by access, it is
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anticipated that the five acre figure would be exceeded for any of the types of 
infrastructure being contemplated, including recharge wells.
It will be necessary to prepare and submit to NDEP a "Stormwater Pollution 
Prevention Plan" which outlines the activities the applicant will undertake to 
control and divert stormwaters using "best management practices" (BMPs). Best 
Management Practices are "measures, methods of operation or practices which 
are reasonably designed to prevent, eliminate or reduce water pollution from 
diffuse sources which are consistent with the best practices in the particular field 
under the conditions applicable" ( NAC § 445A.306). Sources of information 
regarding BMP's are EPA guidance documents and the Nevada state handbook 
of best management practices. The permit period for a stormwater permit can be 
up to 5 years.
An additional program administered in Nevada is the "Rolling Stock" 
program, which seeks to minimize pollution of the waters of the state by leakage 
of fluids from heavy equipment and to protect the watercourse from erosion (NAC 
§ 445A.485). Again, adherence to best management practices is required, 
including steam cleaning of the vehicles before they travel in a water course, and 
daily inspections to ensure that oil and other fluids are not leaking. The 
"Temporary Rolling Stock Permit" is issued by NDEP after receipt and approval of 
an application describing the purpose and nature of the project, its duration, the 
kind of equipment to be used and the method of operation, the physical location 
of the site, and the BMP's to be implemented to protect water quality. The 
application must also include the CoE 404 permit for dredge and fill and CWA 401
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clearance for the site from NDEP's Bureau of Water Quality Planning. Section 401 
of the CWA requires that any application for a 404 permit for dredge and fill 
receive a certification by the state in which the discharge would originate that the 
discharge will comply with effluent limitations or water quality standards. State 
lands and Nevada Division of Wildlife clearance may also be required for approval 
of the permit.
Other Pertinent Nevada State Law
The Nevada Revised Statutes also specifically address projects for the 
recharge, storage, and recovery of water under "Underground Water and Wells" 
( (NRS §§ 534.250 - 534.340 inclusive). The statutes require that a permit to 
operate such a system be obtained from the State Engineer prior to the system's 
operation. A permit will be issued by the State Engineer if the project meets the 
following criteria:
1 ) The applicant has the technical and financial capability to construct 
and operate the project.
2) The applicant has the right to use the proposed source of water.
3) The project is hydrologically feasible.
4) The project is consistent with augmentation programs for areas of
active management.
5) The project will not cause harm to users of land or water within the
area of hydrologie effect of the project.
The application must contain information conceming the source, quality and 
annual quantity of water proposed to be recharged, and the quality of the receiving
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water. Public notice of the application for a recharge, storage, and recovery 
project must be given, and persons who believe themselves adversely affected by 
the project may file a written protest. Protests will be aired in a public hearing and 
the State Engineer is required to either approve or deny the project application 
within one year after the filing of the first protest. If a permit is granted, an annual 
report must be submitted by the operator and an annual fee will be required. The 
State Engineer will require monitoring of the operation and the effect of the project 
on users of land and other water within the area of hydrologie effect of the project. 
The State Engineer is also empowered to suspend or permanently revoke a permit 
for good cause.
Clark County Laws and Regulations 
Review of the Clark County Code does not indicate any requirements for 
permits related to construction and operation of a stormwater harvest/groundwater 
recharge system.
City of Las Vegas Laws and Regulations 
Review of the code for the City of Las Vegas does not indicate any 
requirements for permits related to construction and operation of a stormwater 
harvest/groundwater recharge system.
Water Quality Regulatory Requirements - Summary 
Regulatory requirements related to water quality which would be applicable 
to installation and operation of a stormwater harvest/groundwater recharge system 
at detention basins in the Las Vegas Valley area have been defined. These
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requirements are summarized below:
1) Application for and receipt of a U.S. Army Corps of Engineers 404 
permit for dredge and fill. Depending on the recharge methodology 
installed, either nationwide permit or individual permit coverage 
would be required.
2) Application for and receipt of a permit from the state of Nevada for 
Underground Injection Control for any recharge wells installed as 
part of the harvest/recharge system.
3) Application for and receipt of a permit from the state of Nevada for 
stormwater discharge. A Stormwater Pollution Prevention Plan must 
be submitted with the permit application which describes the best 
management practices to be employed during construction activities 
to prevent water pollution.
4) Application for and receipt of a permit from the state of Nevada for 
“temporary rolling stock". The permit application must include a 
description of the best management practices to be employed at the 
construction site to prevent water pollution.
5) Application for and receipt of a permit from the state of Nevada for 
the construction and operation of a project for the recharge, storage, 
and recovery of water. The application must include proof of the 
applicant's right to utilize the proposed source of water for recharge.
Given the ephemeral nature of the portions of the water courses where 
peripheral detention basins are located, and the expected good quality of
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stormwater due to the undeveloped nature of the peripheral basins' tributary 
drainage areas, it is believed that all of the above-mentioned permits can be 
obtained in a timely fashion without prohibitive restriction on the construction, 
operation, and maintenance of a stormwater harvest and ground water recharge 
system. In-depth conversations with the appropriate regulatory personnel are 
recommended prior to the filing of any permit application.
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CHAPTER 6
GROUNDWATER RECHARGE METHODS
The methods employed in groundwater recharge systems have been 
divided into two general types by previous investigators, direct-surface and direct- 
subsurface (Asano, 1985). Direct- surface techniques require that the captured 
stormwater infiltrate surface geologic materials and travel downward to reach the 
water table. These techniques normally involve the ponding or pooling of 
stormwater on the surface or in relatively shallow trenches/pits. Direct-subsurface 
methods involve the introduction of recharge water to the aquifer (or to a 
permeable zone above the aquifer) through wells or deep pits/shafts.
Direct-Surface Methods 
Direct-surface methods applicable to this study are basins and 
ditches/trenches. Other direct-surface methods identified, including spreading 
fields and stream channel modification, were rejected because of this study’s 
focus on existing peripheral detention basin sites. Infiltration or recharge basins 
are widely-used for groundwater recharge because of their relatively small size 
(when compared to spreading fields) and low maintenance requirements. Silt and 
other debris transported to a basin are relatively easy to remove as required
117
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through periodic maintenance activities. Tillage of surface soils (discing, 
scarifying) is also sometimes advisable to re-establish recharge rates. Use of a 
portion of a basin for settling can sometimes result in a significant reduction in silt 
loading in the recharge area. The downward movement of water can be affected 
by numerous factors including the vertical permeability of the soil, hydraulic 
gradient; the presence of soil gases in the non-saturated zone; the presence or 
absence of layers of low permeability in the subsurface; soil moisture condition; 
depth to the water table; and the changes which affect soil structure during 
infiltration resulting from physical, chemical, and biological phenomenon (Wilson, 
1997; United Nations, 1975; Asano, 1985). Detention basins in the Las Vegas 
Valley are very similar to some recharge basin designs except for the fact that the 
water is allowed to flow out of the basin at a relatively fast rate, thereby 
significantly reducing the time stormwaters are in contact with the basin floor 
materials. Detention basin management objectives for flood control purposes may 
conflict with operational procedures required to optimize stormwater harvest. 
Discussions with Clark County Regional Flood Control District personnel would be 
required to determine operational constraints.
Direct-surface methods are not appropriate where impervious or very low 
permeability layers exist between the surface and the water table. In many areas 
of the Las Vegas Valley, relatively impermeable caliche horizons act as local 
confining layers over the principal aquifer (Dettinger, 1987). Additionally, the 
water-bearing basin fill deposits are nearly impermeable in the central and eastem 
portions of the Las Vegas Valley, making them an unlikely target for any kind of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
119
artificial recharge activity.
Studies have shown that the two most important factors in determining the 
amount of water that will reach the aquifer from a direct-surface recharge system 
are the area of recharge and the length of time the water is in contact with the 
surface materials (Asano, 1985). The construction of infiltration trenches (or 
shallow pits) within the boundaries of a recharge basin can significantly increase 
the available recharge area. Infiltration trenches are typically shallow open cuts, 
deeper than they are wide, with side slopes flattened as required for stability. A 
trench or pit has the added advantage of having a major portion of it's infiltration 
occurring laterally through the walls, rather than through the floor. As the 
horizontal hydraulic conductivity of sedimentary materials is typically much greater 
than the vertical (United Nations, 1975), infiltration rates are expected to improve 
significantly (Hannon, 1980) and the vertical or near vertical sidewalls will to a 
certain extent be self-cleaning. Open trenches can be easily cleaned using the 
same equipment employed in their construction (backhoe, loader, scraper, etc.) 
Trenches can be backfilled with coarse aggregate and perforated pipes to provide 
sidewall support with incorporated layers of pea-gravel or sand acting as barriers 
to silt.
In arid areas such as the Las Vegas Valley, an unsaturated zone will 
typically exist between the ground surface and the aquifer. Flow from the surface 
to the aquifer will take place by subsurface infiltration. When a surface water 
application episode ends, surface infiltration ceases and previously-infiltrated 
water which is close enough to the surface can be drawn upward and evaporate.
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The depth of this zone of subsequent evaporation is affected by soil properties and 
varies seasonally with météorologie conditions. This drying process can be 
responsible for losses of 50% or more of total precipitation in arid regions (Hillel, 
1982) because annual precipitation is low relative to potential évapotranspiration, 
infiltrated water which penetrated below the depth of subsequent evaporation will 
continue downward in the vadose zone at a slower rate until surface tension 
equals the force of gravity. The water will not move below this level until sometime 
after the next surface water episode, when another “slug” of water traveling 
downwards from the surface pushes the wetting front further down. Wetting front 
movement will continue downward until it reaches the water table, at which time 
recharge begins (Asano, 1985).
An initial investment in water storage in the vadose zone is necessary prior 
to any actual recharge occurring, and a large portion of the invested water 
investment may never be recovered (Wilson, 1997). The storage capacity of sand 
and gravel soils is defined as the difference between the soil's field capacity and 
wilting point. Field capacity is the soil moisture content above which water will 
drain from the soil due to the force of gravity. The wilting point is the soil moisture 
content below which plant roots are unable to remove moisture from the soil. For 
a recharge area with a water table depth of 450 feet in mixed sand and gravel, the 
required water investment prior to beginning recharge could be greater than 50 
acre-feet per acre.
Potential Problems With Direct-Surface Methods 
Suspended particles in stormwater may clog the soil interstices at the
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surface or may penetrate deeper into the soil before coming to rest. Methods 
designed to alleviate the clogging problem include: periodic removal of the mud- 
cake and discing/scraping of the surface; installation of a filter on the surface; 
addition of organic matter or chemicals to the upper layer; and cultivation of certain 
vegetative covers (Goodrich and Flowers, 1991; Freeze and Cherry, 1979; United 
Nations, 1975). Scraping of the surface is more effective in coarse-grained 
applications, and repeated compaction of finer-grained materials by heavy 
equipment may cause more harm than good.
Clogging due to the buildup of waste products from biological activity is a 
function of the mineralogical and organic composition of the recharge water and 
the geologic materials it is passing through and the permeability and grain-size of 
these geologic materials. The most effective method of addressing biological 
clogging problems is through extended basin rest periods, during which the ground 
under the basin is thoroughly dried and biodégradation of clogged layers occurs 
(Asano, 1985; Freeze and Cherry, 1979). In the Las Vegas Valley, the infrequent 
nature of storm events will assure that frequent “rest” periods are experienced at 
peripheral detention basins.
Evaporation from the surface of ponded water in a basin can result in 
significant losses of potentially-available stormwater. Evaporation rates in the Las 
Vegas Valley range from 15 inches per month in July to 2 inches per month in 
December (Behnke and Maxey, 1969). Using these figures, a 40-acre pond would 
loose 1.7 acre-feet per day to evaporation in July and 0.24 acre-feet per day in 
December. Losses through the basin embankment structure will also be
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experienced with the quantity of these losses dependent on constaiction material 
characteristics. The quantity of unrecoverable water “invested” in the vadose zone 
prior to any recharge at a basin may be significant if the water table is deep.
The steep walls of trenches may create a public safety hazard, the severity 
of which is related to the depth of the trenches. It is possible for members of the 
public to walk or drive vehicles into many of the detention basins in the Las Vegas 
Valley. Fencing, signage, and/or earthen berms may be required to protect 
persons traveling on foot, horseback, or in vehicles.
Direct-Subsurtace Methods 
Dry wells, saturated wells, and deep pits and shafts can be used to 
introduce recharge water to the subsurface aquifer, or to a permeable unit above 
it if the aquifer is separated from the surface by low-permeability geologic 
materials. The well types considered operate under the influence of gravity; 
pressure injection wells were not considered because of the relatively high 
additional cost of required filtering and pumping equipment. Direct-subsurface 
methods require relatively little surface area, and can be used in conjunction with 
basins and spreading fields to disperse water more rapidly to permeable zones 
below the recharge area (Asano, 1985).
Gravity wells used for recharge are typically large diameter ( 2 - 4  feet) and 
backfilled with gravel. A smaller casing in the center of the well used to convey the 
water to the portion of the well where recharge is occurring. In unconsolidated 
materials, the portion of the well above the water table or recharge zone is typically 
cased, with a concrete seal installed above where the screen begins (Asano,
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1985). Such wells can be drilled to depths of hundreds of feet. A layer of filter 
sand can be placed at the surface of such wells to inhibit the passage of silt and 
sediment. Other filtering materials, such as filter fabrics and filter screens, can 
also be used. However, all of these filtering methods require frequent 
maintenance. Recharge wells are much more susceptible to silting than infiltration 
basins, trenches, or spreading grounds (Pettyjohn, 1981). Wells which bottom 
below the static water table can be redeveloped by pumping and surging and 
chemical and biological treatments. Pumping and surging cannot be employed in 
wells which bottom above the static water table.
A recharge pit, which may be constructed within a basin or spreading field, 
is a steep-sided hole deep enough to penetrate below a semipervious confining 
layer. Shafts are deeper than pits and smaller in diameter. In both, the majority 
of infiltration will occur through the sidewalls rather than the floor. The steep 
sidewalls of pits reduce the chances of clogging, and silt buildup can be removed 
with heavy equipment. Shafts are normally backfilled with coarse material or lined. 
Shafts are susceptible to the same clogging problems that recharge wells 
experience. Some of the redevelopment techniques used for recharge wells can 
be employed on shafts bottomed below the static water table.
If a well, pit or shaft is bottomed above the static groundwater table, then 
the comments made in the previous section conceming wetting front movement 
in the vadose zone and water “investment” also apply to these methods
Potential Problems with Direct-Subsurface Methods 
Recharge wells clog easily when stomiwater contains silt and sediment and
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cleaning and restoration of the affected wells can be difficult (Pettyjohn, 1981; 
Hannon, 1980). When stormwaters carry significant amounts of suspended solids, 
the use of some sort of filtering method prior to the stoimwateris entering the well 
may be required. If water is allowed to freefall into the well from the surface, 
entrapped air bubbles may be carried into the interstices of the aquifer and clog 
them. The movement of escaping air bubbles in aquifer materials can shake the 
rock, causing damage which results in reduced infiltration rates (United Nations, 
1975). The significance of both of these potential problems is directly related to 
the permeability of the aquifer materials.
Shafts are difficult to maintain, with shafts bottomed above the static water 
table especially troublesome. Removal and replacement of clogged fill material 
can be a relatively expensive operation because only specialized equipment can 
be utilized to excavate the in-place fill. Pits and shafts generally have high 
construction and maintenance costs, resulting in limited application (Asano,1985). 
As with trenches, the steep sidewalls of pits create a potential public safety issue 
for people on foot and in vehicles. It would therefore be necessary to fence/berm 
off the pit edges to prevent injury.
Groundwater Recharge Methods Summary 
Methods of recharge appropriate for use in the Las Vegas Valley are 
dependent on the location of the basin as surface and subsurface soil conditions 
are highly variable in the valley. In general, beyond the margins of the valley floor, 
where coarser sand and gravel assemblages predominate and the primary aquifer 
is unconfined, either a direct-surface or direct-subsurface method may be
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practical. Nearly all (22 of 23) of the existing and planned peripheral detention 
basins in the Valley are located above the valley floor on the pedimented slopes 
of alluvial fans. Localized occurrences of caliche may dictate that direct- 
subsurface methods be employed. Caliche is found in all areas of the valley 
except for portions of the eastem bajada (Dinger, 1977), and can be found near 
the surface and throughout much of the valley fill at depth (Orcutt et al., 1967). 
The continuity and degree of cementation of caliche must be determined on a site- 
specific basis in order to determine the applicability of various harvest and 
recharge methods.
Optimization of either direct-surface or direct-subsurface recharge methods 
may require modification of basin operating parameters to allow stormwaters to 
reside in the basin for a longer period of time. Given the high evaporation rates 
in the region, the methodology chosen must allow relatively rapid movement of 
stormwater to the subsurface. No matter which method is chosen for use at 
peripheral basins in the Las Vegas Valley, it should be expected that maintenance 
will be required on a regular basis. The total suspended solids content of 
stormwaters reporting to peripheral detention basins will be relatively high due to 
channel slopes on the pedimented surfaces above the valley floor and proximity 
to the sediment source. Filtration and/or settling must be incorporated into any 
recharge system that does not facilitate easy access to the surfaces through which 
infiltration is occurring. Measures to protect the public safety must be undertaken 
if trenches or pits are utilized as part of the recharge system.
Regulatory permitting requirements for methods requiring substantial
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surface disturbance, such as trenches or pits, will be more significant. An 
individual U.S. Army Corps of Engineers 404 permit would likely be required for 
either one of these methods because of the acreage involved.
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CHAPTER 7
BASIN EVALUATION - RED ROCK 
DETENTION BASIN
Based upon the reviews described in this study of surficial geology, surface 
water quality, subsurface geology and hydrogeology in the Las Vegas Valley, it 
was determined that among existing peripheral detention basins, a location on the 
bajada in the northwest portion of the Valley would be the most favorable location 
for a trial installation of a stormwater harvest and groundwater recharge system. 
Factors leading to this conclusion include;
1 ) carbonate-rich coarse-grained alluvial sediments with little clay near
the Spring Mountains;
2) surficial sediments belong to carbonate lithofacies with less gypsum
present relative to areas in the southem, eastem, southwestem, or 
central lowland portions of the valley (Dinger, 1977);
4) good subsurface water quality with relatively low TDS 
concentrations; and
5) principal aquifer relatively generally unconfined in this area of the 
valley.
The Red Rock Detention Basin, located in the Northeast 1/4 of Section 3,
127
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Range 59 East, Township 21 South, was chosen for a trial application of the runoff 
prediction methodology developed in this study based upon the following factors:
1 ) large (53 square mile) tributary area with significant areas of rock 
exposure with low infiltration capacity;
2) basin structure is an in-channel facility located in the modem Red 
Rock Wash - all flood flows pass through the basin;
3) high average elevation of tributary area ( 4800 ft. +) with significant 
average annual precipitation, most of which falls as rainfall or very 
wet snow;
4) detailed geotechnical evaluations done at the site indicate deep 
uncemented deposits of sand and sandy gravel in the wash channel 
with relatively shallow bedrock;
5) very small and limited areas of development within watershed which 
are insignificant with respect to runoff water quality or quantity;
6) convenient location with good existing access;
7) stormwater has been seen in the basin and stormwater flows have 
been recorded in the wash above the basin; and
8) historic stormwater sampling from this watershed indicated surface 
water quality acceptable for recharge.
Figure 24 indicates the location of the Red Rock Detention Basin within the Las 
Vegas Valley.
Other existing peripheral detention basins considered in the northwest area 
of the Valley include the Kyle Canyon, Summerlin Number 5, and Summerlin
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Village Number 26 basins. The Red Rock basin was chosen over the two 
Summerlin basins because the drainage area for the Red Rock basin is many 
times larger the drainage area of either Summerlin basin. The Red Rock basin 
was chosen over the Kyle Canyon basin because the drainage area below 7500 
feet elevation is slightly larger, the average cun/e number for the drainage area is 
slightly higher (reflecting the predominance of exposed sandstone bedrock in the 
Red Rock drainage area), and historic records from nearby stream gaging stations 
indicated the potential for more significant stormwater flows from the Red Rock 
basin. Additionally, the only stormwater quality data available from undeveloped 
areas within the Las Vegas Valley watershed indicates good quality within the Red 
Rock Wash subbasin while no quality data was available for the Kyle Canyon 
basin's drainage area.
A detailed review of the geology/hydrogeology of the basin area is provided 
in the following section.
Geology/Hydrogeology of the 
Red Rock Alluvial Fan
The Red Rock detention basin is located on the Red Rock alluvial fan in the 
modem Red Rock Wash. It is estimated that the modem wash has flowed in its 
present course for 10,000 years (Donovan, 1996). The Red Rock Wash is a fan- 
building wash, delivering detritus to distal portions of the fan (Cooley et al., 1973). 
Donovan (1996) describes the area of the fan where Red Rock Wash is situated 
as part of the central lobe of the Red Rock alluvial fan. The surficial deposits in 
the central lobe are predominantly sand- and gravel-sized clasts of carbonate
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material. The subsurface units are primarily coarse grained deposits of gravel and 
sand. The permeability of coarse grained sediments is variable and strongly 
controlled by the degree of cementation and continuity of sediment lenses. The 
central lobe of the Red Rock alluvial fan is a zone of relatively high transmissivity. 
The upper 750 feet of alluvium in this area of the Red Rock alluvial fan would be 
in Donovan's "Lone Mountain Allogroup ", with the upper 150 - 225 feet of the 
allogroup designated the "Tule Springs Alloformation".
Noack (1988) sampled the water at the Red Rock Visitor Center Well as 
part of an investigation of the sources of recharge to the principal alluvial aquifers 
in the Valley. The major ion chemistry from this sample is shown in Table 17. 
Recent testing of the well has not produced major ion chemistry data, only coliform 
and selected health parameters (Welsh, 1997). While the visitor center is 
approximately 4 miles to the west of the Red Rock Detention Basin and located 
approximately 600 feet higher, the quality of subsurface water in the principal 
aquifer at this location is considered to be representative of the far northwestem 
portion of the valley.
Table 17. -  Major Ion Chemistry, Red Rock Visitor Center Well, June 1985
pH Ca^;
mg/l % mg/l
Cl
mg/l
S O /
mg/l ...
TDS
mg/l
7.6 93.0 32.0 8.3 1.6 212 7.3 170 325.2
Source: Noack, 988.
In order to determine the relative potential at the Red Rock Detention Basin 
for calcite precipitation resulting from mixing of surface runoff with groundwater.
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the saturation index of calcite was calculated for a) the water sample from the 
Red Rock Visitor Center well, and b) the sample from Hess and Zimmerman’s 
1977-78 Flamingo Wash study with the highest major ion concentrations. The 
drainage area for the upper Flamingo Wash is the tributary area for the Red Rock 
Detention Basin. The saturation index, or SI, is the log of the ratio of the ion 
activity product to saturation product. A value of greater than one indicates that 
the solution is supersaturated with respect to calcite, zero indicates saturation, and 
less than zero indicates the solution is undersaturated. The Davies equation was 
used to calculate activities for major ions. The results of this analysis, shown in 
Table 18, indicate that both the storm runoff and the groundwater are 
undersaturated with respect to calcite. It is not expected that calcite precipitation 
would occur at the temperatures and depths where mixing of these waters would 
occur. It should be noted that the saturation index calculated from the storm runoff 
should be considered conservative in that the sample was taken approximately 9 
miles east of the Red Rock Detention Basin. This additional distance traveled by 
the storm water would result in higher concentrations of dissolved solids.
Table 18. -  Relative Saturation of Calcite
Sample Kjap Calcite Kgp Calcite Kwp/K,p
Calcite
Saturation 
Index (SI)
Storm Runoff 3.54x10 ^ 1 X 10-®®® 0.790 -0.10
Groundwater 2.26x10® 1 X 10"®®® 0.505 -0.30
The USGS measured the depth to water in another nearby well in the late 
1970's and early 1980's (Wood, 1988). The elevation of water in this well, with a
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wellhead surface elevation of 3680 feet and approximately the same distance west 
of the Red Rock Detention Basin as the well sampled by Noack, was 
approximately 3280 feet. McDonnell-Canan (1989) estimated the depth to water 
in the Red Rock alluvial fan to vary from 200 feet near the toe of the fan to 150 
feet near the medial portions of the fan. At the detention basin location, adjacent 
to a limestone bedrock outcrop, it is estimated that the water table was 
approximately 150 feet below the surface in 1989. Based upon the rate of decline 
of the principal aquifer in the Las Vegas Valley as calculated by the USGS 
(Burbey, 1995) for the period 1980-1990, it is estimated that the current depth to 
the aquifer is approximately 160 feet.
Detailed geologic information related to the detention basin site is 
summarized from the preliminary design reports for the facility (Kuchenrither, 
1985; Clark, 1985). The Red Rock Wash through the detention basin site is 
defined by steep eroded side slopes and a gravely wash bottom, with local alluvial 
deposits of predominantly granular character. The sudden change in direction of 
Red Rock Wash (north to southeast) around an unnamed limestone hill at the site, 
coupled with the presence of northwest-southeast aligned fault structures on 
nearby La Madre Mountain to the northwest of the site, suggest that the wash 
location near the detention basin site may be fault controlled. At the location of the 
abutment dam structure, the wash had incised a channel through an outcrop of 
limestone bedrock. Bedrock outcrops are present north and south of the wash, 
and belong to the Kaibab-Toroweap Formation of Permian Age. To the north, 
bedrock is shallowly buried under younger fan and channel deposits (26+ feet).
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To the south, bedrock forms a large hill, with surface exposure masked at lower 
elevations by a thin layer of loose sand and gravel or older cemented fanglomeritic 
deposits. The bedrock outcrops are thick to massively bedded limestone with 
layers of weathered chert, and the limestone is described as being very hard.
Borings and test pits in the wash and adjacent slopes at the detention basin 
site indicate the presence of fan and channel deposits of sand and sandy gravel 
with cobbles and boulders and highly variable cementation. The preliminary 
design report notes that the variability of cementation in exploratory drill holes and 
trenches indicates that the cementation of areas of the channel wall may be due 
to localized case hardening and it therefore may not be extensive within the 
deposit. No groundwater was encountered in any of the test borings or pits, with 
the deepest penetration being 50 feet in the channel bottom.
In the modem wash deposits in the wash bottom, test pits and borings 
indicate loose gravel and boulders within the upper 20 feet with only minor 
cementation. Below this level cementation begins to increase. The presence of 
relatively deep uncemented deposits within the channel indicate that deep scour 
and sedimentation were occurring within the wash prior to construction of the dam. 
Older alluvial deposits to the south of the wash are partially to well-cemented fan 
deposits consisting of limestone fragments cemented with calcium carbonate.
Physical Setting of Basin 
The site of the Red Rock Detention Basin is 8 miles west of Decatur 
Boulevard on Charleston Boulevard in Red Rock Canyon where Charleston 
Boulevard crosses Red Rock Wash (Figure 24). As mentioned previously. Red
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Rock Wash near the basin site travels north around a limestone hill and then 
swings around to the southeast through the basin. The wash is over 1000 feet 
wide near the western edge of the site, narrowing to less than 150 feet wide where 
the wash carved its way through exposed limestone bedrock.
The Red Rock Detention Basin’s tributary area encompasses approximately 
53 square miles. The watershed elevation varies from approximately 3160 feet to 
over 7500 feet (Figure 24), with the average elevation estimated to be 4839 feet. 
Vegetation in the tributary area ranges from Ponderosa pine and Pinon pine and 
juniper to yucca, creosote, and sage. Tamarisk and mesquite trees are found in 
wash areas. In general, plant density is low and the large areas of exposed rock 
outcrop have little if any vegetation.
The tributary area has been divided into 14 subbasins, each of which was 
evaluated for soil types and SCS Hydrologie Soil Groups (Kuchenrither, 1985). 
Based upon the soil classifications, an SCS curve number was determined for 
each subbasin and a weighted average AMCII curve number of 84.9 for the entire 
tributary area was calculated.
The detention basin structure has a storage capacity of 2,148 acre-feet as 
measured from the top of the dam embankment. The storage capacity of the 
structure with the water level at the spillway crest is 1,673 acre-feet; this quantity 
represents the volume of collected waters from a regulatory 100-year return 
interval design storm. The elevation of the top of the embankment is 3,220 ft., the 
spillway elevation is 3213.6 ft., and the outlet invert elevation is 3159 ft. 
(Kuchenrither, 1985).
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Synthesized Precipitation and Runoff Record
The BASNFLW program developed in this study was utilized to synthesize 
a 58-year record of precipitation over the tributary area and runoff reporting to the 
detention basin. Inputs to the program included the following:
1) Basin Name: RR-2BASN
2) Size of Basin: 53.08 square miles
3) Elevation of Basin: 4839 feet above msl
4) Excess zone location
5) SCS curve number for basin (average): 84.91
6) Precipitation stations to use for synthesis of record:
Upper: Roberts Ranch SEO, elevation = 6000 ft.
Lower Red Rock State Park, elevation = 3780 ft.
7) Distances between the basin and precipitation stations:
RR-2BASN-RRSE0 = 8.3 miles
RR-2BASN-RRSP = 5.1 miles
As the Roberts Ranch SEO station record has only annual precipitation 
values, the synthesized 58-year record for RR-2BASN was created using the 
annual regressions presented in this study (rather than utilizing the summer and 
winter regressions). A summary of the 58-year record of annual precipitation and
runoff generated for RR-2BASN is presented in Table 19. The total runoff
reporting to the Red Rock Detention Basin over the synthetic 58-year period was 
9459 acre-feet, while the total precipitation (point precipitation at centroid of 
tributary area) for the period was 690 inches. Arithmetic averages for annual
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Table 19. - - Red Rock Detention Basin - BASNFLW Trial
MôDE
YEAf
PRECIf
INCHEÎ
"RUNOm
AC-Fl
TÛTÀL cum ula tive  DEPTH
IN BASIN OVER YEAR PERIOD 
FEET
1 1236 118 3.4
2 16.10 31 0.9
3 13.83 27 0.8
4 21.69 259 7.3
5 8.89 354 10.1
6 1234 16 0.5
7 9.15 82 2 3
8 13.37 257 7.3
9 10.57 45 1.3
10 9.90 403 11.4
11 6.90 9 0.3
12 1245 348 9.9
13 8.64 16 0.5
14 9.51 13 0.4
15 13.90 78 2 2
16 6.47 0 0.0
17 1238 61 1.7
18 1299 169 4.8
19 8.38 146 4.2
20 1224 483 13.7
21 1271 24 0.7
22 1223 923 26.2
23 1249 298 8.5
24 10.02 0 0.0
25 7.99 0 0.0
26 11.14 30 0.9
27 4.42 10 0.3
28 18.01 520 14.8
29 8.44 0 0.0
30 13.60 70 20
31 7.32 0 0.0
32 13.23 2 0.0
33 11.89 12 0.4
34 9.11 0 0.0
35 1259 201 5.7
36 13.10 32 0.9
37 1262 377 10.7
38 10.59 13 0.4
39 15.20 627 17.8
40 11.20 49 1.4
41 17.45 156 4.4
42 15.37 140 4.0
43 14.41 485 13.8
44 10.38 146 4.1
45 11.73 7 0.2
46 1275 0 0.0
47 15.14 87 25
48 7.66 0 0.0
49 9.76 7 0.2
50 15.79 509 14.5
51 9.17 6 0.2
52 8.54 10 0.3
53 11.06 245 7.0
54 11.60 4 0.1
55 21.31 1020 29.0
56 17.66 118 3.3
57 8.83 181 5.1
58 11.51 232 6.6
TOTAL 690.12 9459 268.7
AVERAGE 11.90 163 4.6
STD. DEV. 3.40 225 6
Note; 100 year flood calculated by Kuchenrither (1985) =  1,673 acre-feet 
"Average* precipitation, runoff, and depth based on arithmetic average. 
"Depth assumes no outflow from basin and is cumulative for the year 
(no evaporation).
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precipitation and runoff are 11.90 inches and 163 acre-feet. The total quantity of 
runoff represents 0.7% of the total precipitation falling over the basin during the 
58-year period.
An estimate for the cumulative depth of water reporting to the basin over the 
course of each year in the synthetic record was derived by determining the 
average acre-feet of storage per foot of depth in the basin (2148 acre-feet capacity 
/ 61 foot depth = 35.2 acre-feet/foot) and dividing the total runoff in each year by 
this factor. These estimates are also shown in Table 19, with the arithmetic 
average for the 58-year period calculated to be 4.6 feet. Note that this figure is not 
representative of what a person could expect to see standing in the basin at any 
one time as this is the total depth over the course of a year, and this figure 
assumes no outflow from the basin through the outlet. This latter factor is 
significant as calculations in the preliminary design reports indicate that the 
estimated peak discharge from a 10-year storm in Red Rock Wash downstream 
from the detention basin is 1,040 cfs, while a 100-year storm would result in a 
peak discharge of 2,150 cfs. These figures equate to 86 and 178 acre-feet per 
hour. In other words, it would take at the most a few hours for the detention basin 
to empty itself of most of the average annual runoff calculated by BASNFLW if it 
were to all arrive at the basin at one time. Evaporative losses from the basin 
would range from a high of 0.5 inches per day (1.5 acre-feet per day) during the 
month of July to a low of 0.07 inches per day (0.2 acre-feet per day) in December 
(Behnke and Maxey, 1969).
The U.S. Water Resources Council recommends that the Pearson Type III
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distribution with log transformation of flood data (LPIII) be utilized as a base 
method in flood flow frequency studies (United States Water Resources Council, 
1981). This methodology is generally recommended for many hydrologie 
applications. A frequency analysis of the annual runoff data using this 
methodology was completed with the results indicated in Table 20.
Table 20. -  Results of Frequency Study Utilizing Pearson Type III Distribution 
Total Annual Runoff and Depth
Return Period 
(yrs)
Probability
(%)
Total Runoff 
(ac-ft)
Total Depth
2 50 57.3 1.6
5 20 289 8
10 10 541 15
25 4 916 26
50 2 1198 34
100 1 1465 42
The fitted LPIII distribution and annual runoff are shown in Figure 25. The results 
of this analysis indicate that there is a 50% chance every year that 57.3 acre-feet 
or less of stormwater runoff will report to the Red Rock Detention Basin. 
Assuming no outflow, this quantity equates to an approximate cumulative depth 
of 1.6 feet or less of stormwater runoff in the basin over an entire year’s time. 
These figures contrast dramatically with the simple estimates of annual “averages” 
calculated arithmetically, and are a more appropriate measure of the probability 
of runoff to the basin. As shown in Table 20, the 100-year annual runoff volume 
is estimated to be 1465 acre-feet. The design of the structure is based upon a
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Figure 25. — Total Annual Flow to Red Rock Detention Basin
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100-year storm flow of 1673 acre-feet, a figure derived through watershed 
modeling utilizing the SCS TR-20 computer model (Kuchenrither, 1985).
An analysis of the daily runoff record generated in this trial application yields 
some valuable infomnation as to the temporal distribution of runoff over the 58-year 
period. Over 53% (4970 acre-feet) of the total runoff to the basin over the 58-year 
period occurred in 8 years. During those 8 years, only 12 storms were responsible 
for 90% (4484 acre-feet) of the runoff to the basin, or 47% of all runoff to the basin 
over the 58-year period. During 3 out of those 8 years, only one storm was 
responsible for over 90% of the runoff during the year. During 4 out of those 8 
years, two storms were responsible for over 90% of the year’s runoff. And, in 1 out 
of those 8 years, three storms were responsible for over 90% of the annual runoff. 
These observations indicate that a primary consideration in analyzing stormwater 
hanrest techniques is their ability to accommodate large quantities of water quickly 
and efficiently, as basin outflow and evaporation will rapidly make the water 
unavailable for harvest. As a small number of runoff events are responsible for a 
large percentage of the total runoff to a basin, the economics of harvest/recharge 
will be highly dependent on a system’s ability to capture the flows from these 
events.
In addition to the runoff reporting to the detention basin from the 53 square- 
mile tributary area, the direct precipitation falling within the detention basin is also 
a potential harvestable resource. While the current ground surface within the 
basin would tend to absorb most of the rain falling, modifications to the surface 
could significantly increase the amount of runoff within the basin. To determine
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the quantity of available in-basin precipitation, BASNFLW was run with the 
following inputs:
1 ) Basin Name: RR-2INBASN
2) Size of Basin: 0.06 square miles
3) Elevation of Basin: 3195 feet above msl
4) Excess zone location
5) SCS curve number for basin (average): 85.00
6) Precipitation stations to use for synthesis of record:
Upper Red Rock State Park, elevation = 3780 ft.
Lower: Las Vegas Airport, elevation = 2162 ft.
7) Distances between the basin and precipitation stations:
RR-2BASN-RRSP = 7.1 miles
RR-2BASN-LV A/P = 12.3 miles
The synthetic precipitation record generated by BASNFLW for the site of
the Red Rock Detention Basin indicates an arithmetic average of 8.3 inches of
precipitation per year. A fitted LPIII distribution indicates that total annual
precipitation of 7.6 inches can be expected 50% of the time. Using the average
basin size of 35 acres, and assuming all precipitation is available for harvest, the
annual quantity of water available at a 50% probability level is:
7.6 inches x 35.2 acres = 22 acre feet.
12 inches/ft.
Similar calculations were done for each of the BASNFLW-simulated years to 
determine the total quantity of in-basin precipitation available over the 58-year 
period. The results indicate that a total of 1414 acre-feet of water is available from
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
143
in-basin precipitation over the synthetic 58-year period.
Historic Evidence of Flows in Red Rock Wash
Data pertaining to stormwater flows in undeveloped areas of the Las Vegas 
Valley watershed are extremely limited. Discussion with the Clark County 
Regional Flood Control District indicate that stage/level apparatus had been 
installed at the Red Rock Detention Basin, however, constant vandalism and 
calibration problems render the data obtained nearly useless. The CCRFCD is 
currently in the process of upgrading and installing new equipment at many basins 
in the watershed in order to provide vital flood control information for public safety 
purposes.
CCRFCD personnel have sometimes visually inspected basins during and 
after major rainstorms. Personal communication (Sutko, 1997) indicates that 
approximately 12 feet of water was seen in the basin in either 1992 or 1993. 
Approximately 1.5 feet of water was seen days after a major storm event in the 
basin in July of 1990. The USGS initially operated the alert station at the basin 
before the CCRFCD took over responsibility. Unfortunately, no records were kept 
by the USGS which would provide an indication of flood water flows to the basin 
(Bower, 1997).
Inspection of the runoff records from the BASNFLW model indicates that 
a large storm event during March of model year 55 resulted in runoff to the basin 
of 443 acre-feet, or a depth of approximately 12 feet. Model year 55 corresponds 
to 1992 in the Las Vegas Airport record. Model year 55 had the greatest quantity 
of runoff of any year in the synthetic 58-year record. The synthetic record does
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not indicate runoff to the basin during the period corresponding to July of 1990. 
Comparison of rainfall/runoff records at various locations in the Las Vegas Valley 
cannot generally be expected to yield good correspondence on a daily basis. 
However, as noted previously, winter events are more regional in nature while the 
severe convective thunderstorm activity in summer months is highly localized.
A USGS crest-stage gauge in Red Rock Wash, located at approximately 
4450 feet elevation and 0.2 miles southeast of Willow Spring, measured a flow of 
7,470 cubic feet/second coming from a sub-watershed of 8.09 square-mile area 
in 1969 (Bauer et al., 1996).
Other than the information described, no other records of sightings or 
measurements could be found. Because of the hit-or-miss nature of visual 
sightings by CCRFCD personnel, the unreliable nature of electronic measurement 
devices, and the rapid drainage capabilities of the basin's outflow structure, the 
relative lack of existing evidence of channel flow to the basin does not contradict 
the results of the BASNFLW simulation. Additionally, the evidence of deep scour 
in the wash channel and records of significant flows farther upstream in the wash 
lend credence to the estimates. It should be noted that the same paucity of 
information exists for other peripheral detention basins in the Las Vegas Valley 
area.
Summary
The estimated quantity of potentially-harvestable stormwater runoff flowing 
to the Red Rock Detention Basin over a representative 58-year period is 9459 
acre-feet. The 100 year runoff volume as determined from a fitted LPIII
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distribution agrees within reasonable tolerance with the 100-year design storm 
calculated using SCS TR-20 methodology in the preliminary design reports for the 
facility. It is expected on average (50% probability) that 57.3 acre-feet or less of 
runoff will flow to the basin over the period of a year, and that one or two storms 
will be responsible for the year’s runoff. An additional potential resource is in­
basin precipitation. If an impervious surface cover were constructed over the 
detention basin, it is estimated that an additional 1414 acre-feet of water would be 
available over the 58-year period. A total resource of 10,873 acre-feet is therefore 
estimated for the Red Rock Detention Basin over the simulated 58-year period. 
The resource available on an annual basis over the 58-year period at the Red 
Rock Detention Basin is estimated to vary from 0 to over 1000 acre-feet.
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CHAPTER 8 
CONCLUSIONS AND RECOMMENDATIONS
Review and analysis of water quantity, surface and subsurface water 
quality, hydrogeology, water quality regulatory requirements and potential methods 
of harvest and recharge indicates that stormwater harvest and groundwater 
recharge could be undertaken at certain peripheral detention basins in the Las 
Vegas Valley. An economic evaluation of such an operation, outside of the scope 
of this study, will be required to determine the economic viability of stormwater 
harvest and groundwater recharge at specific detention basins. It is likely that 
modification of current operating parameters at detention basins would be required 
to maximize the efficiency of recharge operations. Current operating procedures 
are based on public safety and health concems.
Due to relatively low annual precipitation, the presence of highly permeable 
geologic materials at higher elevations, and the normally dry condition of soil in 
peripheral areas of the Las Vegas Valley, the quantities of stormwater potentially 
available for recharge at peripheral detention basins are not predicted to be large. 
It is estimated that on an annual basis the quantity of stormwater reporting to the 
Red Rock Detention Basin, located west of the city of Las Vegas near Red Rock 
Canyon National Conservation Area, is typically less than or equal to 57 acre-feet
146
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(50% probability). The total predicted quantity of potentially-harvestable 
stonnwater flowing to the Red Rock Detention Basin over a representative 58 year 
period is 10,873 acre feet. In comparison. Las Vegas’ water consumption in 1995 
was 369,000 acre-feet, and annual consumption is predicted to increase to over 
600,000 acre-feet by 2035 (SNWA, 1996a). Extrapolating from the results of the 
Red Rock trial application, it is estimated that the total undeveloped area of the 
Las Vegas Valley watershed (950 mF) would yield less than 0.3% of the total 
current water demand in a typical year if all of the stormwater flow from these 
areas was captured at peripheral detention basins, used for recharge, and 
withdrawn at 100% efficiency. This figure assumes stormwaters from all 
undeveloped regions are of acceptable quality. For reasons explained in this 
study, this may not be the case in the south/southeastem portions of the valley.
It is recommended that economic analyses undertaken to assess the 
feasibility of stormwater harvest and groundwater recharge in the Las Vegas 
Valley take into account the significant temporal variability of stormwater flows. 
The use of “average” annual flows in an economic analysis will not provide an 
accurate estimate of the retum on investment for a harvest/recharge system. An 
annual flow series, such as that obtained through utilization of BASNFLW, must 
serve as the basis for economic analysis. Discounted cash flow analysis of a 
harvest/recharge project must incorporate sensitivity analysis which allows 
variation in the start date of the project in relation to the annual flow series.
Water quality regulations require that the quality of harvested stormwaters 
used for recharge meet drinking water standards at the point in time that they
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corne into contact with subsurface waters. Limited historic sampling data and 
surficial geology indicate that stormwaters reporting to peripheral detention basins 
in the north and northwest would probably meet these criteria. Peripheral 
detention basins located in the region of carbonate lithofacies are considered more 
likely to receive surface flows of acceptable quality than basins located in the 
region of sulfate lithofacies because of lower percentages of fine grained materials 
and sulfate and chloride salts in the surface soils. Stormwaters flowing to 
peripheral detention basins with mostly undeveloped tributary areas are not 
expected to contain concentrations of organic and trace contaminants at levels 
exceeding primary drinking water standards. It is recommended that a long-term 
sampling program of limited scope be established in the Las Vegas Valley for the 
purpose of determining the chemical and biological characteristics of stormwater 
flows in undeveloped areas of the Las Vegas Valley.
Subsurface water quality in the primary aquifer in the Las Vegas Valley is 
also spatially variable, with the lowest quality found in the south and southeast. 
In this region the concentration of TDS and sulfate in the water in the aquifer has 
been found to exceed drinking water standards. It is therefore not considered 
practical to provide recharge to the primary aquifer from detention basins in this 
area of the valley. In the north, northeast, and northwest portions of the valley the 
quality of water in the primary aquifer meets water quality standards and these 
areas are considered appropriate for recharge by stormwaters of acceptable 
quality. The potential for problems associated with chemical incompatibility of 
surface and subsurface waters, such as calcite or gypsum precipitation or cation
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exchange, is considered small for peripheral detention basins. Site specific 
evaluations are recommended for any proposed recharge site.
Methods for harvest and recharge which are suitable for use in the Las 
Vegas Valley are dependent on the location of the basin due to the variability of 
surface and subsurface soil conditions. Beyond the margins of the valley floor, 
where coarser sand and gravel assemblages predominate and the primary aquifer 
is unconfined, either a direct-surface or direct-subsurface method may be 
practical. Localized occurrences of caliche may dictate that subsurface methods 
be employed. Given the high evaporation rates in the region and basin operating 
constraints, the recharge methodology selected must provide for rapid movement 
of stormwater to the subsurface. The suspended solids load of stormwaters 
reporting to peripheral detention basins will typically be significant enough to 
require routine maintenance activities to alleviate clogging in any type of 
harvest/recharge system. Filtering or settling is recommended as an integral step 
of the harvest/recharge procedure to minimize clogging unless the method chosen 
allows easy access to the surfaces through which infiltration is occurring.
Water quality regulatory requirements for the construction and operation of 
a stormwater harvest and groundwater recharge system include a U.S. Army 
Corps of Engineers permit for dredge and fill (404 permit) and permits from the 
state of Nevada for stormwater discharge, temporary rolling stock, underground 
injection control, and water recharge/storage/recovery project. The methodology 
chosen for recharge at any specific basin may impact the type of dredge and fill 
permit required as the acreage of disturbance is a primary regulatory criteria. It is
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anticipated that all of the required permits could be obtained in a timely fashion 
from the responsible state and federal regulatory agencies.
A regulatory issue not analyzed in this study is drainage area protection. 
Ammendments to the Safe Drinking Water Act in 1986 (Section 1428) and 1996 
(Section 1453) established programs designed to ensure protection of ground and 
surface water resources used for public drinking water supply from potential 
threats due to contamination. The program applicable to surface water supplies, 
known as the Source Water Assessment Program (SWAP), is administered in the 
state of Nevada by NDEP. The program is currently a non-regulatory program in 
Nevada (Helsel, 1997). Under the program. Source Water Protection Areas 
(SWPAs) will be defined by the state within which contaminant source assessment 
will be undertaken. The boundries of SWPAs will determined by the potential for 
contaminants to move towards a source of public drinking water supply. The EPA 
anticipates the SWAP to lead to development of an effective Source Water 
Protection Program (SWP). Existing regulatory constraints would, in theory, 
prohibit a development in a peripheral detention basin's drainage area from 
causing contamination or severe sedimentation of stormwater flows. However, as 
in the case of water-supply wells, it would be undesirable to allow industrial or 
commercial development in the SWPA which has the potential to cause 
contamination of the public’s water supply. Under the earlier Wellhead Protection 
Program (now incorporated in the SWAP), communities sometimes used zoning 
laws for land-use management in Wellhead Protection Areas. Proposed industrial 
and commercial developments within the Wellhead Protection Areas could be
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subjected to risk evaluation by a permit granting authority (Moore, 1993). The 
implications of developing such a program for the large drainage areas associated 
with peripheral detention basins in the Las Vegas Valley are significant.
Stormwater harvest may provide benefits other than an increase in the 
potable water supply In the Las Vegas Valley. These potential benefits include a 
reduction in low-quality surface flows to Lake Mead and a reduction in 
geotechnical problems in the Las Vegas Valley associated with high water levels 
in the shallow aquifer and pumpage from the principal aquifers. Harvest and 
recharge of stormwaters at peripheral detention basins would lower the quantity 
of water flowing in Las Vegas Wash to Lake Mead. The flows in Las Vegas Wash 
typically carry high levels of organic and inorganic contaminants. Currently, during 
storm events which result in runoff from undeveloped areas of the Valley, the 
levels of contaminants in the flows in Las Vegas Wash reflect dilution of runoff 
from urban areas by stormwater emanating in undeveloped areas. If treatment of 
the low-quality flows in Las Vegas Wash is required in the future, a treatment plant 
designed for a smaller flow quantity may be less expensive to build and operate. 
A reduction in flows in the wash system in the Las Vegas Valley may result in a 
reduction in potential for infiltration of surface flows into the shallow aquifer. Rising 
water levels in the shallow aquifer have caused damage to building foundations 
in portions of the Valley. Recharge of the principal aquifer will slow the net rate of 
removal of water from the principal aquifer in the Las Vegas Valley; this rate is 
currently estimated to be twice the annual recharge (Burbey, 1995). As a result.
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structurai damage due to subsidence associated with the overdraft in the Valley 
may be reduced.
While this study has focused on peripheral detention basins, urban basins 
in general are expected to receive greater quantities of water (per unit tributary 
area) because of the impervious nature of concrete, asphalt, and other man-made 
surfaces. Water quality constraints related to urban basins are likely to be 
significant as sampling in Las Vegas Valley-area washes indicates that surface 
flows in many areas do not meet drinking water standards. It has also been noted 
previously that the valley lowlands area, heart of the urbanized region in Las 
Vegas, has generally unfavorable physical soil characteristics for recharge. 
However, significant attenuation of contaminant concentrations, both organic and 
inorganic, can result from the water’s passage through a soil/rock column. It is 
therefore possible that certain urban basins with appropriate physical 
characteristics could be utilized for recharge. Detailed site-specific studies would 
be required prior to discussing the possibility of such a project with regulators 
(NDEP). If it were possible to harvest all stormwater flowing to detention basins 
(undeveloped and developed areas) within the watershed at 100% efficiency, it is 
estimated that no more than 1 % of current annual demand would be realized. 
This figure assumes all stormwaters are of suitable quality and could be withdrawn 
with no loss.
Sites other than detention basins may be suitable for use of simpler and 
potentially cheaper methods of harvest and recharge. Stream channel 
impoundment or modification in mountain, foothill, and fan channels and gullies
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may locally be very effective. Maintenance activities associated with such a 
scheme would be relatively simple, however, regulatory constraints, both for the 
channel modifications and for establishing site access for construction and 
maintenance, may be restrictive to the point of being prohibitive.
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APPENDIX I
OUTLINE OF BASNFLW PROGFIAM EXECUTION
Execution of program BASNFLW is described in the following outline:
1. An introduction to the program is provided which describes program 
purpose and general execution methodologies and instructs the user to use 
Control-C ('X)) to terminate program execution prior to completion.
2. The user is asked to provide the following data for program execution:
basin name.
size of basin in square miles.
average elevation of the basin in feet above msl.
excess or deficit zone classification of the basin based upon
the definition given in this thesis.
the average SCS curve number (CNII) for the basin.
the desired file name for the program-synthesized 58-year
daily point precipitation record for the basin (inches per day).
the desired file name for the program-synthesized 58-year
stormwater flow record for the basin (in 1000 x acre-feet).
the desired file name for the program-synthesized 58-year
monthly point precipitation and stormwater flow summary.
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the desired file name for the program-synthesized 58-year 
annual point precipitation and stormwater flow summary, 
the desired file name for the program-synthesized 58-year 
daily average areal precipitation record for the basin (inches 
per day).
the desired file name for the summary of input data utilized in 
the basin study.
3. All files to be utilized during program execution are opened.
4. A list of Las Vegas Valley-area precipitation stations is shown to the user, 
and the user is asked to select two stations to use for precipitation 
predictions at the basin being studied. The list is generated from file 
REGRDAT.txt. The user is informed that one station at a higher elevation 
and one station at a lower elevation should be used, with a difference in 
elevation between the basin and the stations of at least one foot. After the 
user indicates his selection, the program checks to ensure that the proper 
elevation relationship exists between the basin and the two stations 
chosen. If not, the user is informed of the situation and asked to select 
stations again. The user is also informed as to whether both of the stations 
selected have winter and summer regression data available or if one or 
both of the stations have only annual regression data available. If one or 
both of the stations have only annual regression data, the user is given an 
opportunity to re-select stations if desired.
5. Parameters for the two stations selected are retrieved from file
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REGRDAT.txt. These parameters Include excess/deficit classification, 
elevation, UTM coordinates, and annual, winter, and summer regression 
parameters from the station-airport regressions (m and b from y=mx+b).
6. The user is shown the input data provided thus far and given a chance to 
re-initialize the program if an error has been made.
7. The user is asked to provide the distance between the precipitation stations 
chosen and the basin, or to provide the UTM Zone 11 coordinates (easting 
and northing) for the basin so that the distance between the basin and the 
two stations can be calculated by the program.
8. The number of days of precipitation in each year of the Las Vegas airport 
record for annual, summer and winter periods is read from file DAYSPP.txt 
into arrays.
9. The AMCIII curve number is calculated from the AMCII curve number input 
by the user in step #2.
10. The expected difference in precipitation between the higher-elevation 
station and the basin and the basin and the lower-elevation station is 
calculated for annual or winter and summer periods using the 
elevation/precipitation regression relationships developed for the Las Vegas 
Valley area in this thesis.
11. The channel loss reduction factor is calculated for the basin after 
calculating the basin’s mean annual temperature (from the atmospheric 
temperature gradient) and mean annual precipitation (from the appropriate 
elevation/precipitation regression).
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12. Factors for the percentage of precipitation falling as rain during the months 
of November, December, January, February, March, and April are 
determined using the relationships described in this thesis, given the 
elevation of the basin.
13. Depth-area reduction factors for 3,6, and 12 hour precipitation events are 
calculated based on the NOAA HYDRO-40 cun/es and the size of the basin 
in square miles. This is accomplished through incorporation in the program 
of digitized values from the actual curves.
14. A record is read from file LV3895.dat, the 58 year record of daily 
precipitation at the Las Vegas Airport. Each record contains the month, 
year, number of days in the month, and daily precipitation for each day of 
the month (day 1 - day 28,29,30, or 31 ). The daily precipitation is read into 
an array.
15. The array containing daily precipitation values is read one day at a time. 
If the precipitation on a given day is 0.0 inches, then precipitation at the 
higher station and lower station, precipitation at the basin, areal 
precipitation at the basin, and runoff are all set at 0.0 for the day.
16. If measurable precipitation occurred on a day, then the precipitation at the 
higher-elevation and lower-elevation stations is calculated using the airport 
regression relationships, modified for daily precipitation by dividing b, the 
y intercept value, by the number of days of precipitation during the year or 
season the day in question falls in.
17. Precipitation at the basin is estimated from both the higher and lower
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stations using the elevation/precipitation relationships, modified for daily 
precipitation by dividing b, the y intercept value, by the number of days of 
precipitation during the year and season the day in question falls in.
18. The weighted average estimate of precipitation at the basin from the two 
estimates (higher and lower stations) is calculated using inverse distance 
squared weighting.
19. The storm duration for the day in question is classified using the 
duration/depth analysis data described in this thesis.
20. The depth-area factor is determined, given the storm duration classification 
and the basin size.
21. The average depth of precipitation over the basin is estimated given the 
point precipitation at the basin and the depth-area factor.
22. The antecedent moisture condition of the basin applicable to the day in 
question is determined by summing the total areal precipitation received 
over the last 5 days. The appropriate curve number (CNI,CNII or CNIII) to 
use in calculating runoff is determined, given the season, by classifying the 
antecedent moisture condition using the SCS-developed thresholds 
described in this thesis.
23. The direct runoff in inches is calculated using the SCS method of 
abstractions, given the basin curve number, the areal precipitation depth 
over the basin, and the appropriate monthly factor for the percentage of 
precipitation falling as rain. The total direct runoff, in acre-feet, is calculated 
given direct runoff depth, basin size, and the channel loss reduction factor.
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24. Program execution returns to step #14 unless the last day of the month has 
been reached.
25. Precipitation and runoff totals for the month and for the year are 
incremented as required.
26. Synthesized daily point precipitation, areal precipitation, runoff, and monthly 
totals are written to the respective output files.
27. Program execution retums to step #13 unless the month completed is 
December.
28. Yearly precipitation and runoff totals are written to the yearly summary 
output file.
29. The user is shown a message indicating which year the program is 
processing.
30. Program execution retums to step #13 unless an end-of-file condition is 
reached in file LV3895.txt.
31. The input data summary file is created.
32. The user is advised of the name of each output file created (names
originally supplied by the user in step #2) and the data format contained in 
each file.
33. All input and output files are closed.
34. Program execution is terminated.
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APPENDIX II
LISTING OF FORTFIAN CODE FOR 
PROGRAM BASNFLW.FOR
1 c
2 c3 =========================================================================
4 C LAS VEGAS WATERSHED BASIN FLOW PROGRAM - T.L. BUCHANAN, DRI, 2/27/975 C
6 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
7 c
8 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
9 C THIS PROGRAM IS DESIGNED TO PRODUCE A REPRESENTATIVE SERIES OF10 C STORMWATER FLOWS FROM A BASIN IN THE LAS VEGAS VALLEY WATERSHED. A11 C 58 YEAR DAILY PRECIPITATION RECORD FOR THE BASIN OF INTEREST WILL
12 C BE PRODUCED UTILIZING THE LAS VEGAS AIRPORT PRECIPITATION RECORD,13 C REGRESSION RELATIONSHIPS BETWEEN PRECIPITATION AT THE LAS VEGAS14 C AIRPORT AND OTHER PRECIPITATION STATIONS IN AND AROUND THE
15 C WATERSHED, AND REGRESSION EQUATIONS DESCRIBING THE RELATIONSHIP16 C BETWEEN ELEVATION AND PRECIPITATION IN THE REGION. THE REGRESSION
17 C RELATIONSHIPS UTILIZED WERE DEVELOPED BY T.BUCHANAN (1996/7) AND18 C ARE DESCRIBED IN "THE POTENTIAL USE OF STORMWATER DETENTION BASINS19 C IN THE LAS VEGAS VALLEY FOR GROUNDWATER RECHARGE". DAILY
20 C FLOODWATER FLOWS ARE CALCULATED USING THE SCS METHOD OF21 C ABSTRACTIONS AND NOAA HYDRO-40 DEPTH AREA FACTORS. ADJUSTMENTS FOR22 C TRANSMISSION LOSSES AND SNOWFALL ARE MADE TO RUNOFF QUANTITIES.23 =========================================================================
24 c25 =========================================================================
26 c27 C INTRODUCTION
28
29 PRINT30 PRINT31 PRINT32 PRINT
33 PRINT34 PRINT
35 PRINT
36 PRINT
3738 C INITIALIZE VARIABLES3940 1 IAGAIN=041 IBOTHL0=0
42 IBOTHHI=0
43 CHARACTER* 2 6 STANAME, HINAME, LONAME44 CHARACTER* 20 BASNAME
45 CHARACTER* 10 PRECFIL, FLOWFIL, MONFIL, DEPTFIL, INPTFIL, YRFIL46 CHARACTER* 3 9 TOPLINE
47 DIMENSION AH(15) ,DH3(15) ,DH6(1S) ,DH12(15)48 DIMENSION BA(22),CI4(22),CIS(22) ,CI6(22),CI7(22)
49 DIMENSION CIS(22),CI9(22),CI3(22)50 DIMENSION PREP(31) ,BP(31) ,PDE)?TH(31) ,PEKAF(31)
WELCOME TO PROGRAM BASNFLW.FOR'
A PROGRAM FOR CALCULATING STORMWATER FLOWS’ FROM BASINS IN THE LAS VEGAS VALLEY'
CONTROL-C CAN BE ENTERED AT ANY TIME TO EXIT'
160
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51 DIMENSION IWDYZ(2000) ,ISDYZ(2000) ,IADYZ(2000)52 12=053 BASSIZ=054 IBASELV=055 IBASZON=056 ISTANDM=057 lEXCDEF=058 IELEV=059 1=060 IDDMMYl =06162 c USER INPUT - - BASIN INFORMATION6364 PRINT * ■ENTER THE BASIN NAME (20 CHARACTER MAXIMUM) ,RETURN'65 PRINT * ' •66 READ (5 *) BASNAME67 PRINT * ' ENTER THE SIZE OF ' , BASNAME68 PRINT * 'IN SQUARE MILES, RETURN'69 PRINT * ' '70 READ (5 *) BASSIZ71 PRINT » ' ENTER THE ELEVATION OF ' , BASNAME72 PRINT * 'IN FEET ABOVE MSL, RETURN'73 PRINT • • '74 READ (5 *) IBASELV75 PRINT * 'IS ',BASNAME76 PRINT * 'IN THE EXCESS OR DEFICIT ZONE AS DESCRIBED BY'77 PRINT * •BUCHANAN - 1996?'78 PRINT * '79 PRINT * ■ENTER 1 FOR EXCESS, 2 FOR DEFICIT, RETURN'80 PRINT * ' '81 READ (5 *) IBASZON82 PRINT * 'ENTER THE SCS CURVE NUMBER (AMC II) FOR ', BASNAME83 PRINT * 'BASIN, RETURN'84 PRINT * '85 READ (5 *) CNII8687 c ENTER THE FILE NAMES TO BE UTILIZED FOR OUTPUT8889 PRINT * ' PLEASE ENTER THE FILE NAME YOU WOULD LIKE ASSIGNED TO'90 PRINT * 'THE SYNTHESIZED 58 YR DAILY PRECIPITATION RECORD FOR'91 PRINT * '(POINT PRECIPITATION) ',BASNAME92 PRINT • ' '93 PRINT * 'THE FILE NAME SHOULD BE 10 CHARACTERS LONG INCLUDING'94 PRINT * 'THE EXTENSION - EXAMPLE: $$$$$$.DAT'95 PRINT * ' '96 READ (5 *) PRECFIL9798 PRINT * ' PLEASE ENTER THE FILE NAME YOU WOULD LIKE ASSIGNED TO'99 PRINT * 'THE SYNTHESIZED 58 YR DAILY STORMWATER FLOW RECORD FOR
ICO PRINT * BASNAME101 PRINT * ' '
102 PRINT * 'THE FILE NAME SHOULD BE 10 CHARACTERS LONG INCLUDING'103 PRINT * 'THE EXTENSION - EXAMPLE: $$$$$$.DAT'104 PRINT * ' '105 READ (5 *) FLOWFIL106107 PRINT * ' PLEASE ENTER THE FILE NAME YOU WOULD LIKE ASSIGNED TO'108 PRINT * 'THE 58 YR MONTHLY POINT PRECIPITATION AND'109 PRINT * ' STORMWATER FLOW SUMMARY FOR ' , BASNAME110 PRINT • ' '
111 PRINT * 'THE FILE NAME SHOULD BE 10 CHARACTERS LONG INCLUDING'112 PRINT * 'THE EXTENSION - EXAMPLE: $$$$$$.DAT'113 PRINT * ' '114 PRINT * • '115 READ (5 *) MONFIL116 PRINT • • •117118 PRINT * 'PLEASE ENTER THE FILE NAME YOU WOULD LIKE ASSIGNED TO'119 PRINT * 'THE 58 YR ANNUAL POINT PRECIPITATION AND'120 PRINT * ' STORMWATER FLOW SUMMARY FOR ' , BASNAME121 PRINT • ' '
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122123124125126127128129130131132133134135136137138139140141142143144145146147148149150151152153154155156157158159160 161 
162163164165166167168169170171172173174175176177178179180 181 182183184185186187188189190191192
PRINTPRINTPRINTPRINTREAD (
PRINT
PRINTPRINTPRINTPRINTPRINTPRINT
PRINTPRINTREAD (
PRINT
PRINT PRINT 
PRINT PRINT PRINT PRINT PRINT PRINT 
READ (5
THE FILE NAME SHOULD BE 10 CHARACTERS LONG INCLUDING’ THE EXTENSION - EXAMPLE: $$$$$$.DAT’
) YRFIL
PLEASE ENTER THE FILE NAME YOU WOULD LIKE ASSIGNED TO' THE SYNTHESIZED 58 YR DAILY AVERAGE AREAL PRECIPITATION ' RECORD FOR ',BASNAME
THE FILE NAME SHOULD BE 10 CHARACTERS LONG INCLUDING 'THE EXTENSION - EXAMPLE: $$$$$$.DAT'
) DEPTFIL
PLEASE ENTER THE FILE NAME YOU WOULD LIKE ASSIGNED TO' THE SUMMARY OF INPUT DATA UTILIZED IN THE STUDY'OF '.BASNAME
THE FILE NAME SHOULD BE 10 CHARACTERS LONG INCLUDING' THE EXTENSION - EXAMPLE: $$$$$$.DAT'
*) INPTFIL
OPEN THE INPUT DATA FILES AND OUTPUT FILES
LV3895.DAT =58 YEAR DAILY PRECIPITATION RECORD FROM LAS VEGAS McCARRAN AIRPORT.
REGRDAT.TXT = TEXT FILE WITH PRECIPITATION STATION DATA INCLUDING ELEVATION, UTM COORDINATES, AND ANNUAL,SUMMER,AND WINTER PRECIPITATION REGRESSION PARAMTERS (B+M)
DAYSPP.TXT = TEXT FILE WITH NUMBER OF DAYS OF PRECIPITATION EACH YEAR IN THE LAS VEGAS RECORD FOR WINTER, SUMMER, AND ANNUAL PERIODS
OPEN (UNIT=2,FILE='LV3895.TXT')
OPEN (UNIT=3,FILE=PRECFIL)WRITE (3 , * ) ' "MONTH, YEAR, *DAYS/MONTH, POINT PRECIP CAT BASIN (IN) PER DAY"'
OPEN (UNIT=4,FILE=FL0WFIL)
WRITE (4, *)'"MONTH, YEAR, #DAYS/MONTH, RUNOFF IN ClOOOs OF AC-FT PER DAY"'
OPEN (UNIT=6,FILE=M0NFIL)WRITE ( 6, * ) ' " MONTH, YEAR, #DAYS /MONTH, TOTAL RAINFALL C(IN. POINT PPT) +TOTAL RUNOFF(lOOOxAC-FT) IN MO."
OPEN (UNIT=7,FILE=DEPTFIL)
WRITE (7, «)'"MONTH,YEAR,#DAYS/MONTH,TOTAL DEPTH OF CPRECIPITATION OVER THE BASIN (IN.) PER DAY" '
OPEN (UNIT=1,FILE='REGRDAT.TXT')OPEN (UNIT=8,FILE=INPTFIL)
OPEN (UNIT=9,FILE=YRFIL)WRITE (9, *) ' "YEAR,TOTAL RAINFALL (IN. POINT PPT)C,TOTAL RUNOFF (lOOOxAC-FT) IN YEAR" '
OPEN (UNIT=10,FILE='DAYSPP.TXT')
SELECT THE STATIONS WHICH WILL BE USED FOR PRECIPITATION INTERPOLATION AT THE BASIN
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193 PRINT », ’FOLLOWING IS A LIST OF STATIONS WITH PRECIPITATION’194 PRINT *, ’ RECORDS WHICH CAN BE USED TO BRACKET ’ , BASNAME195 PRINT ♦, ’BASIN FOR INTERPOLATION OF DAILY PRECIPITATION’196 PRINT ’
197 PRINT *, ’ENTER 1 TO CONTINUE’198 READ (5,*)IDUMMY3
199 PRINT *, ’TWO STATIONS SHOULD BE CHOSEN FOR THE INTERPOLATION,200 PRINT *, ’ ONE AT A HIGHER ELEVATION ’THAN THE BASIN AND ONE AT ’201 PRINT *, ’A LOWER ELEVATION ’THAN THE BASIN’202 PRINT ’203 PRINT *, ’THE E/D COLUMN INDICATES EXCESS ZONE (1) OR DEFICIT’
204 PRINT *, ’ZONE (2) . STATIONS IN THE SAME ZONE AS THE BASIN’205 PRINT *, ’SHOULD BE CHOSEN IF POSSIBLE’206 PRINT *, ’
207 PRINT *, ’NOTE: THE ELEVATION OF THE BASIN SHOULD BE AT’208 PRINT *, ’LEAST ONE (1) FOOT HIGHER OR LOWER THAN EITHER’209 PRINT *.’STATION CHOSEN’210 PRINT * , ’211 READ (1,99)TOPLINE
212 WRITE (5,99)TOPLINE213 99 FORMAT (IX, A3 9)214 READ (l,99)TOPLINE
215 10 READ (1,100, END=9 0 0 ) I5TANUM, STANAME, lEXCDEF, lELEV216 100 FORMAT(I4,A26,I2,I6)217 WRI’TE (5,101) ISTANUM, STANAME, lEXCDEF, lELEV218 101 FORMAT(lX,I4,A26,I2,I6)219 1=1+1220 IF (I .EQ. 10) THEN221 PRINT *, ’ENTER 1 + RETURN TO CONTINUE WI’TH LISTING’222 READ (5,*)IDUMMY1
223 ENDIF224 GO TO 10225 900 CONTINUE226 REWIND 1227 PRINT *, ’
228 PRINT *, ’ ENTER THE TWO STATION NUMBERS TO BE UTILIZED ’229 PRINT *, ’SEPARATED BY A COMMA - EX. 21,2 THEN RETURN’230 PRINT * , ’231 READ (5,*)ISTA1,ISTA2232 PRINT *,ISTAl,ISTA2,IBASELV233
234 C RETRIEVE THE PARAMETERS FOR THE TWO STATIONS CHOSEN235236 READ (1,*)TOPLINE
237 READ (l,*)TOPLINE
238 11 READ ( 1,102, END=901 ) ISTANUM, STANAME, lEXCDEF, lELEV, lUTMN,239 CIUTME,AB,AM,WB,WM,SB,SM
240 102 FORMAT(I4,A26,I2,I6,2l9,6F7.3)241 IF (ISTANUM .EQ. ISTAl .OR. ISTANUM .EQ. ISTA2) THEN242 IF (IBASELV .EQ. lELEV) THEN
243 PRINT *, ’ELEVATION OF STATION IS EQUAL TO’244 PRINT *, ’ELEVATION OF BASIN. BEGIN AGAIN’245 PRINT *, ’AND CHANGE BASIN ELEVATION BY ONE’246 PRINT *,’FOOT TO FACILITATE COMPUTATIONS’247 IAGAIN=1248 GO TO 998249 ELSE250 ENDIF251 IF (IBASELV .LT. lELEV) THEN
252 IHINUM=ISTANUM253 HINAME=STANAME254 IHIDEF=IEXCDEF255 IHIELEV=IELEV256 IHIUTMN=IUTMN257 IHIUTME=IUTME258 HIAB=AB259 HIAM=AM260 HIWB=WB261 HIWM=WM
262 HISB=SB263 HISM=SM
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264 12=12+1
265 ELSE266 ILONaM=ISTANUM267 LONAME=STANAME268 ILODEF=IEXCDEF269 ILOELEV=IELEV270 ILOOTMN=IUTMN
271 ILOOTME=IUTME272 OWAB=AB
273 OWAM=AM274 OWWB=WB
275 owvm=WM276 owsB=SB
277 owsM=SM278 12=12+1
279 ENDIF
280 ELSE281 GO TO 11282 ENDIF283 IF (12 .LT. 2) GO TO 11
284
285 C CHECK TO SEE IF THE ELEVATION OF THE STATIONS CHOSEN286 C HAS THE APPROPRIATE RELATIONSHIP TO THE BASIN287288 901 IF (12 .LT. 2) THEN289 PRINT *, ' INCORRECT STATION ID NUMBER USED OR THE ELEVATION’290 PRINT *, ’ RELATIONSHIP BE’TWEEN THE STATIONS AND BASIN IS WRONG ’291 PRINT *,’BEGIN AGAIN’292 IAGAIN=1293 GO TO 998294 ELSE295 ENDIF296 IF ( (ILOELEV .GE. IBASELV) .OR. (IHIELEV .LE. IBASELV) ) THEN297 PRINT *, ’ INCORRECT ELEVATION RELATIONSHIP BETWEEN THE ’298 PRINT *, ’ STATIONS AND THE BASIN - - BEGIN AGAIN’299 IAGAIN=1300 GO TO 998301 ELSE302 ENDIF303304 C CHECK TO SEE IF EITHER ’THE HIGHER ELEVATION OR LOWER305 C ELEVATION STATION HAS ANNUAL, SUMMER, AND WINTER306 C REGRESSION DATA AVAILABLE. IF ONLY ANNUAL IS AVAILABLE,307 C OFFER THE USER THE OPPORTUNITY TO PICK ANOTHER STATION.308309310 IF (HIWM .EQ. 0.00) THEN311 PRINT *, ’ONLY ANNUAL DATA IS AVAILABLE FOR STATION’,HINAME312 PRINT *, ’WINTER AND SUMMER REGRESSIONS ARE NOT AVAILABLE’313 PRINT *, ’DO YOU WISH TO CONTINUE OR CHOOSE ANOTHER STATION? ’314 PRINT *, ’315 PRINT *, ’ENTER 1 TO CONTINUE, 2 TO CHOOSE ANOTHER STATION’316 READ (5,*) IDUMMY3317 IF (IDUMMY3 .EQ. 2) THEN318 IAGAIN=1319 ELSE320 IB0THHI=1321 ENDIF322 ELSE323 ENDIF324325 899 IF (OWWM .EQ. 0.00) ’THEN326 PRINT *, ’ONLY ANNUAL DATA IS AVAILABLE FOR STATION’ ,LONAME327 PRINT *, ’WINTER AND SUMMER REGRESSIONS ARE NOT AVAILABLE’328 PRINT *, ’ DO YOU WISH TO CONTINUE OR CHOOSE ANOTHER STATION? ’329 PRINT », ’330 PRINT *, ’ENTER 1 TO CONTINUE, 2 TO CHOOSE ANOTHER STATION’331 READ (5,*) IDUMMY3332 IF (IDUMMY3 .EQ. 2) THEN333 IAGAIN=1334 GO TO 998
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335336337
338
339340341
342343 c344 c345346347348349
350351352353354
355356357
358
359360361362363364
365366 998367
368369370371372373 c374 C
375 C376 C
377 c378379 898380381382383384
385
386387388389390391392393394
395396397398399400401402403404
405
ELSEIF (lAGAIN 
IBOTHLO=l ENDIF ELSEIF (lAGAIN . ENDIF
•EQ. 1) GO TO 998
EQ. 1) GO TO 998
PROVIDE USER WITH REVIEW OF DATA INPUT THUS FAR AND PROVIDE OPPORTUNITY TO RE-INITIALIZE THE PROGRAM IF REQUIRED.
'YOU HAVE CHOSEN THE FOLLOWING STATIONS TO USE WITH’ ’THE BASIN IN QUESTION’’ HIGHER STATION = ’ , HINAME’STATION NUMBER = ’,IHINUM
’ ELEVATION IN FT. ABOVE MSL = ’ , IHIELEV
’ BASIN NAME = ’ , BASNAME ’BASIN ELEVATION = ’,IBASELV
’BASIN AMC II CN (CURVE NUMBER)= ’.CNII
PRINT PRINT PRINT PRINT 
PRINT PRINT 
PRINT PRINT PRINT PRINT
PRINT *, ’ LOWER STATION = ’ , LONAME
PRINT *,’STATION NUMBER = ’,ILONUMPRINT *, ’ELEVATION IN FT. ABOVE MSL = ’ , ILOELEV
PRINT *, ’ENTER 1 TO CONTINUE, 2 TO BEGIN AGAIN’READ (5, *) IDUMMY2 IF (IDUMMY2 .EQ. 2) THEN IAGAIN=1 
GO TO 998ELSE ENDIF 
CONTINUEIF (lAGAIN .EQ. 1) THEN CLOSE GO TO ELSE ENDIF
THE DISTANCE BETWEEN ’THE STATIONS CHOSEN AND THE BASIN MUST BE DETERMINED. THE USER IS GIVEN THE OPTION OF PROVIDING THE DISTANCE DIRECTLY OR PROVIDING UTM ZONE 11 COORDINATES (METRIC) FOR THE BASIN SO THAT THE 2-D DISTANCE CAN BE CALCULATED BY THE PROGRAM.
( 1 )1
’THE DISTANCE BETWEEN THE STATIONS CHOSEN AND THE’ ’BASIN MUST BE DETERMINED. DO YOU WANT TO PROVIDE ’ ’THE DISTANCES (meters) BETWEEN THE BASIN AND THE TWO’ ’ STATIONS CHOSEN OR DO YOU WANT TO SUPPLY UTM ZONE’'11 METRIC COORDINATES FOR THE BASIN AND LET THE’ ’PROGRAM CALCULATE THE DISTANCE?’
PRINT PRINT PRINT PRINT PRINT PRINT PRINT 
PRINT PRINT PRINT *,’READ (5,*) IDUMMY4 IF (IDUMMY4 .EQ. 1)
’ENTER 1 TO ENTER THE DISTANCES, ’COORDINATES, AND THEN RETURN' 2 TO ENTER THE'
THENPRINT *,PRINT *,PRINT *,READ (5,
PRINT *,PRINT *,PRINT *,PRINT *,READ (5,PRINT »,PRINT *,PRINT *,PRINT »,
READ (5,*)IDUMMY4 PRINT *, ’
ENTER THE INTEGER DISTANCE IN METERS FROM THE BASIN’ TO’,HINAME
)HIDIST
ENTER THE INTEGER DISTANCE IN METERS FROM THE BASIN’TO’,LONAME
)OWDIST
IF YOU MADE AN ENTRY ERROR WITH THE DISTANCES YOU CAN’ RE-ENTER. ENTER 1 TO CONTINUE, 2 TO RE-ENTER’
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406 IF (ID0MMY4 .EQ. 2) GO TO 8 9 8407 ELSE
408 PRINT *, 'ENTER THE UTM ZONE 11 COORDINATES (meters) FOR',BASNAME409 PRINT *, 'IN THE FOLLOWING FORMAT: EASTING,NORTHING THEN RETURN’
410 PRINT *, ’NOTE THAT THE COORDINATES SHOULD BE INTEGERS’411 PRINT *,’412 READ (5, »)IBUTME,IBUTMN413 HIDIST=SQRT( (IHIUTMN-IBUTMN) *»2+ (IHIUTME-IBUTME) **2)414 OWDIST=SQRT( (IBUTMN-ILOUTMN) »*2+(IBUTME-ILOUTME) »*2)415 PRINT *
THE DISTANCE IN METERS BETWEEN ’ , BASNAME AND’ ,HINAME
’,HIDIST
416 PRINT417 PRINT
THE DISTANCE IN METERS BETWEEN ’ , BASNAME AND’,LONAME 
= ’ ,OWDISTIF YOU MADE AN ENTRY ERROR WITH THE COORDINATES YOU’ 
CAN RE-ENTER. ENTER 1 TO CONTINUE, 2 TO RE-ENTER’
418 PRINT419 PRINT420 PRINT
421 PRINT422 PRINT423 PRINT424 PRINT
425 PRINT426 READ (5,*)IDUMMY4
427 PRINT •, ’
428 IF (IDUMMY4 .EQ. 2) GO TO 898429 ENDIF
430431 C READ THE DAYS OF PRECIPITATION DATA FROM DAYSPP.TXT INTO
432 C ARRAYS FOR WINTER DAYS, SUMMER DAYS, AND ANNUAL DAYS OF433 C PRECIPITATION.
434435 775 READ (10,*)TOPLINE436 READ (10,*)TOPLINE437 776 READ ( 10, *, END=777) IVYR, IVWN, IVSM, IVAN
438 IWDYZ(IVYR)=IVWN
439 ISDYZ ( IVYR) =IVSM440 lADYZ ( IVYR) =IVAN441 GO TO 776442 777 CONTINUE
443444
445 C CALCULATE THE VALUE OF THE AMC I & III CURVE446 C NUMBERS FOR THE BASIN.447448 CNI=(4.2*CNII)/(10.0-0.058*CNII)449 CNIII=(23.0*CNII)/(10.0+0.13*CNII)450
451 C CALCULATE THE EXPECTED DIFFERENCE IN PRECIPITATION BETWEEN452 C THE HIGHER AND LOWER ELEVATION STATIONS AND THE BASIN FOR453 C ANNUAL, WINTER AND SUMMER SEASONS.454
455 IF (IHIDEF .EQ. 1) ANHI=10** (0.451+0.000106*IHIELEV)456 IF (ILODEF .EQ. 1) ANLO=10**(0.451+0.000106*ILOELEV)457 IF (IBASZON .EQ. 1) ANBAS=10** (0.451+0 .000106*IBASELV)458 IF (IHIDEF .EQ. 2) ANHI=-1.97+0 .00187*IHIELEV459 IF (ILODEF .EQ. 2) ANLO=-l.97+0.00187*ILOELEV
460 IF (IBASZON .EQ. 2) ANBAS=-1.97+0 .00187*IBASELV461 ANHIDIF= (ANHI-ANBAS)462 ANLODIF= (ANBAS-ANLO)463
464 IF (IHIDEF .EQ. 1) WHI=10**(0.272+0.000115*IHIELEV)465 IF (ILODEF .EQ. 1) WLO=10**(0.272+0.000115*ILOELEV)466 IF (IBASZON .EQ. 1) WBAS=10**(0.272+0.000115*IBASELV)467 IF (IHIDEF .EQ. 2) WHI=-2 .45+0.00154*IHIELEV468 IF (ILODEF .EQ. 2) WLO=-2.45+0.00154*ILOELEV469 IF (IBASZON .EQ. 2) WBAS=-2 .45+0.00154*IBA5ELV470 WHIDIF=(WHI-WBAS)471 WLODIF=(WBAS-WLO)472
473 IF (IHIDEF .EQ. 1) SHI=10**(-0.0037+0.00009*IHIELEV)474 IF (ILODEF .EQ. 1) SLO=10**(-0.0037+0.00009*ILOELEV)475 IF (IBASZON .EQ. 1) SBAS=10**(-0.0037+0.00009*IBASELV)476 IF (IHIDEF .EQ. 2) SHI=0.175+0.000452*IHIELEV
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477 IF (ILODEF .EQ. 2) SLO=0.175+0.000452*ILOELEV478 IF (IBASZON .EQ. 2) SBAS=0 .175+0.000452*IBASELV479 SHIDIF=(SHI-SBAS)480 SLODIF=(SBAS-SLO)481
482 C CALCULATE THE AVERAGE ANNUAL PRECIPITATION (INCHES/YR)483 C AND AVERAGE MEAN TEMPERATURE (DEGREES F) AT THE BASIN484 C FOR CALCULATION OF THE SCS CLIMATIC INDEX FOR THE485 C BASIN
486487 IF (IBASZON .EQ. 1) PESTAN=10** (IBASELV*0 .000106+0 .451)488 IF (IBASZON .EQ. 2) PESTAN=IBASELV»0.00187-1.97
489 AVTEMP=66-(0.00345*(IBASELV-2162) )490 CINDX=(100*PESTAN)/(AVTEMP**2)491
492 C DETERMINE THE SCS CHANNEL LOSS FACTOR USING THE BASIN493 C AREA (SQUARE MILES) AND THE SCS CLIMATIC INDEX494
495 C DEFINE INFLECTION POINTS ON BASIN AREA AXIS FOR ALL496 C CLIMATIC INDICES
497498 DATA (BA (I),1=1,22)/I.,2.,3.,4.,5.,6.,7.,8.,9.,10.,
499 C20.,30.,40.,50.,60.,70.,80.,100.,150.,200.,300.,400./500
501 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR502 C CLIMATIC INDEX =0.9503
504 DATA (CI9 (I),1=1,22)/1.0,0.99,0.98,0.97,0.97,0.96,
505 C O. 9 6 , 0 . 9 6 , 0 . 9 5 , 0 . 9 5 , 0 . 9 4 , 0 . 9 3 , 0 . 9 2 , 0 . 9 2 , 0 . 9 2 , 0 . 9 2 ,506 CO.92,0.91,0.90,0.90,0.89,0.88/507508 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR509 C CLIMATIC INDEX =0.8
510
511 DATA (CI8 (I),1=1,22)/I.0,0.97,0.96,0.94,0.93,0.93,
512 CO.92, 0.92,0.91,0.90,0.88,0.86,0.85,0.84,0.84,0.83,513 CO.82, 0.81,0.80,0.79,0.78,0.76/514
515 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR516 C CLIMATIC INDEX =0.7517
518 DATA (CI7 (I),1=1,22)/l.0,0.96,0.92,0.91,0.90,0.88,519 CO.87,0.86,0.85,0.84,0.80,0.78,0.76,0.75, 0.74,0.73,520 CO.72,0.71,0.69,0.68,0.65,0.64/521
522 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR523 C CLIMATIC INDEX =0.6524
525 DATA (CI6 (I),1=1,22)/l.0,0.93,0.89,0.86,0.84,0.82,526 CO.81, 0.80, 0.79,0.78,0.72,0.69,0.67,0.66, 0.64,0.63,
527 CO. 6 2 , 0 . 6 1 , 0 . 5 8 , 0 . 5 6 , 0 . 5 4 , 0 . 5 2 /528529 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR530 C CLIMATIC INDEX =0.5
531532 DATA (CI5 (I),1=1,22)/I.0,0.90,0.84,0.81,0.78,0.76,533 CO.74,0.73,0.72,0.70,0.63,0.60,0.57,0.55, 0.54,0.52,534 CO.51,0.50,0.47,0.45,0.42,0.40/535536 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR537 C CLIMATIC INDEX =0.4538
539 DATA (CI4 (I),1=1,22)/I.0,0.83,0.79,0.74,0.70,0.68,540 CO.66,0.64,0.62,0.60,0.52,0.48,0.45,0.43, 0.41,0.40,541 CO.38,0.37,0.34,0.32,0.29,0.27/542
543 C DEFINE CHANNEL LOSS FACTORS AT INFLECTION POINTS FOR544 C CLIMATIC INDEX =0.3545
546 DATA (CI3(I),1=1,22)/I.0,0.76,0.74,0.67,0.62,0.60,547 CO.58, 0.55, 0.52,0.49,0.40,0.36,0.33,0.31,0.29,0.27,
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548 CO.26,0.24,0.21,0.19,0.16,0.14/549550 C CHANNEL LOSS FACTOR = 1 FOR ALL BASIN SIZES IF SCS551 C CLIMATIC INDEX IS LARGER THAN OR EQUAL TO 1.0.552
553 IF (CINDX .GE. 1.0) THEN554 CHNLOSS=l.0555 GOTO 50556 ELSE557 ENDIF558559 C CHANNEL LOSS FACTOR FOR ALL BASINS WITH CLIMATIC INDEX560 C LESS THAN 0.3 IS THE SAME AS THE FACTOR FOR 0.3561562 IF (CINDX .LE. 0.3) THEN563 IF (BASSIZ .GE. BA(22) ) THEN564 CHNLOSS=CI3(22)565 GO TO 50566 ELSE567 DO 51 1=2,22568 IF (BASSIZ .GE. BA(I-l) .AND. BASSIZ .LT. BA(I) ) THEN569 CHNL0SS=CI3(I-l)- (CI3(I-l)-CI3(I))*((BASSIZ-BA(I-l))/570 C (BA(I)-BA(I-l)))571 GO TO 50572 ELSE573 ENDIF
574 51 CONTINUE575 ENDIF576 ELSE577 ENDIF578579 C CALCULATE THE CHANNEL LOSS COEFFICIENT FOR SCS CLIMATIC580 C FACTOR 0.3,0.4,0.5,0.6,0.7,0.8,AND 0.9 FOR INTERPOLATION581582 IF (BASSIZ .GE. BA(22)) THEN583 LOSS3=CI3(22)584 LOSS4=CI4(22)585 LOSS5=CI5(22)586 LOSS6=CI6(22)587 L0SS7=CI7(22)588 LOSS8=CI8(22)589 LOSS9=CI9(22)590 ELSE591 DO 52 1=2,22592 IF (BASSIZ .GE. BA(I-l) .AND. BASSIZ .LT. BA(I) ) THEN593 LOSS3=CI3(I-l)-(CI3(I-l)-CI3(I))*((BASSIZ-BA(I-l)594 C (BA(I)-BA(I-l)))595 LOSS4=CI4(I-l)-(CI4(I-l)-CI4(I))*((BASSIZ-BA(I-l)596 C (BA(I)-BA(I-l)))597 LOSS5=Cl5(I-l)-(CI5(I-l)-CI5(I))*((BASSIZ-BA(I-l)598 C (BA(I)-BA(I-l)))599 LOSS6=Cl6(I-l)-(CI6(I-l)-CI6(I))*((BASSIZ-BA(I-l)600 C (BA(I)-BA(I-l)))601 LOSS7=CI7(I-l)-(CI7(I-l)-CI7(I))*((BASSIZ-BA(I-l)602 C (BA(I)-BA(I-l)))603 LOSS8=CI8(I-l)-(CI8(I-l)-CI8(I))*((BASSIZ-BA(I-l)604 C (BA(I)-BA(I-l)))605 L0SS9=CI9(I-l)-(CI9(I-l)-CI9(I))*((BASSIZ-BA(I-l)606 C (BA(I)-BA(I-l)))607 ELSE608 ENDIF609 52 CONTINUE610 ENDIF611612 C IF SCS CLIMATE FACTOR LESS THAN 1 AND GREATER THAN 0.4,613 C INTERPOLATE TO FIND THE CHANNEL LOSS FACTOR614615 IF (CINDX .GT. 0.3 .AND. CINDX .LT. 0.4) THEN616 CHNLOSS=LOSS4-((LOSS4-LOSS3)*((0.4-CINDX)/(.I)))617 ENDIF618 IF (CINDX .GT. 0.4 .AND. CINDX .LT. 0.5) THEN
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619620621622623624625626627628629630631632633634635636637638639 c640 c641 c642643644645646647648649650651652653654655656657658659660661662663664 c665 c666667 c668 c669670671672673 c674 c675676677678679680 c681682683684685686 c687688689
CHNLOSS=LOSS5- ( (LOSS5-LOSS4) • ( (0.5-CINDX) /(.I))) ENDIF
IF (CINDX -GT. 0.5 .AND. CINDX .LT. 0.6) THEN
CHNLOSS=LOSS6-( (LOSS6-LOSS5) *( (0.6-CINDX) /(.I))) ENDIF
IF (CINDX .GT. 0.6 .AND. CINDX .LT. 0.7) THENCHNL0SS=L0SS7-( (LOSS7-LOSS6) • ( (0.7-CINDX) /(.I))) ENDIF
IF (CINDX .GT. 0.7 .AND. CINDX .LT. 0.8) THENCHNLOSS=LOSS8- ( (LOSS8-LOSS7) • ( (0 .8-CINDX) /(.I))) ENDIF
IF (CINDX .GT. 0.8 .AND. CINDX .LT. 0.9) THEN
CHNLOSS=LOSS9-((LOSS9-LOSS8)*((0.9-CINDX) /(.I))) ENDIF
IF (CINDX .GT. 0.9 .AND. CINDX .LT. 1.0) THEN CHNLOSS=1.0- ( (1.0-LOSS9)*((1.0-CINDX)/(.I)))ENDIF
50 CONTINUE
CALCULATE WINTER SNOW/RAIN FACTORS BASED ON BASIN 
ELEVATION FOR NOVEMBER, DECEMBER, JANUARY, FEBRUARY, MARCH AND APRIL.
FNOV=(-40.24+(IBASELV)*(0.01064))/lOO FDEC=(-61.13+(IBASELV)*(0.01675))/lOO FJAN=(-55.44+(IBASELV)*(0.01582))/lOO FFEB=(-45.82+(IBASELV)*(0.01385))/100 
FMAR=(-55.98+(IBASELV)*(0.01521))/lOO FAPR=(-39.17+(IBASELV)*(0.01036))/lOO
IF (FNOV .LT. 0.0) FNOV=0IF (FDEC .LT. 0.0) FDEC=0IF (FJAN .LT. 0.0) FJAN=0IF (FFEB .LT. 0.0) FFEB=0
IF (FMAR .LT. 0.0) FMAR=0IF (FAPR .LT. 0.0) FAPR=0
FACTNOV=l.O-FNOV FACTDEC=1.0-FDEC FACTJAN=1.0-FJAN FACTFEB=1.0-FFEB FACTMAR=1.0-FMAR FACTAPR=1.0-FAPR
DEFINE DEPTH AREA REDUCTION FACTORS FOR 3,6 AND 12 
HOUR EVENTS USING THE NOAA HYDRO-40 CURVES (1984)
DEFINE INFLECTION POINTS ON BASIN AREA AXIS FOR ALL DURATIONS
DATA (AH (I),1=1,15)/O., 25.,50.,75.,100., 125.,150.,175., C200.,250.,300.,350.,400.,450.,500./
DEFINE 3 HOUR DURATION DEPTH AREA FACTORS AT INFLECTION POINTS
DATA (DH3 (I),1=1,15)/I.0,0.7072,0.6452,0.6087,0.5864, 
CO.5675,0.5534,0.5448,0.5356,0.5212,0.5098, 0.5013,CO.4922,0.4852,0.4809/
DEFINE 6 HOUR DURATION D-A FACTORS AT INFLECTION POINTS
DATA (DH6 (I),1=1,15)/I.0,0.7653,0.7024,0.6693,0.6476, CO.6319,0.6195,0.6093,0.6008,0.5876,0.5761,0.5660,CO.5578,0.5522,0.5494/
DEFINE 12 HOUR DURATION D-A FACTORS AT INFLECTION POINTS
DATA (DH12 (I),1=1,15)/1.0,0.8495,0.8029,0.7788,0.7622, CO.7498,0.7424,0.7351,0.7277,0.7129,0.7051, 0.6989,
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690 CO.6925,0.6877,0.6849/691692 c SET INITIAL VALUES OF AMC COUNTER VARIABLES TO 0.0693694 DAY1=0.0695 DAY2=0.0696 DAY3=0.0697 DAY4=0.0698 DAY5=0.0699 GO TO 14700701 c RESET ANTECEDENT MOISTURE COUNTER VARIABLES AT MONTH CHANGE702703 1950 DAY5=DAY4704 DAY4=DAY3705 DAY3=DAY2706 DAY2=DAY1707 DAY1=PDEPTH(IDAYS)708709 DAF=0.0710 BPTOT=0.0711 RUNTOT=0.0712713714 DO 12 K=l,31715 PREP(K)=0.00716 BP(K)=0.00717 PEKAF(K)=0.00718 PDEPTH(K)=0.00719 12 CONTINUE720721 c READ LV AIRPORT PRECIPITATION DATA ONE MONTH AT A TIME722723 14 READ (2, *,END=997 ) IMO, lYR, IDAYS, (PREP(I) ,1=1, IDAYS)724725 DO 30 L=l,IDAYS726727 IF (PREP(L) .EQ. 0.0) THEN728 PBLO=0.0729 PBHI=0.0730 BP(L)=0731 PDEPTH(L)=0732 PEKAF(L)=0733 GO TO 31734 ENDIF735736 c CALCULATE PRECIPITATION AT THE BASIN FROM THE HIGHER STATION737738 IF (IBOTHHI .EQ. 1) THEN739 PHI=PREP (L) *HIAM+ (HIAB/IADYZ (lYR) )740 PBHI=PHI-(ANHIDIF/lADYZ(lYR))741 ELSE742 IF (IMO .GE. 5 .AND. IMO .LE. 9) THEN743 PHI=PREP(L)*HISM+ (HISB/ISDYZ(lYR) )744 PBHI=PHI-(SHIDIF/ISDYZ(lYR))745 ELSE746 PHI=PREP (L) *HIWM+ (HIWB/IWDYZ (lYR) )747 PBHI=PHI-(WHIDIF/IWDYZ(lYR))748 ENDIF749 ENDIF750 IF (PBHI .LT. 0.0) PBHI=0751752 c CALCULATE PRECIPITATION AT THE BASIN FROM THE LOWER STATION753754 IF (IBOTHLO .EQ. 1) THEN755 PLO=PREP(L)*OWAM+(OWAB/IADYZ(lYR))756 PBLO=PLO+(ANLODIF/IADYZ(lYR) )757 ELSE758 IF (IMO .GE. 5 .AND. IMO .LE. 9) THEN759 PLO=PREP(L)*OWSM+(OWSB/ISDYZ(lYR))760 PBLO=PLO+(SLODIF/ISDYZ(lYR))
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761 ELSE762 PLO=PREP (L) *OWWM+ (OWWB/IWDYZ (lYR) )763 PBLO=PLO+ (WLODIF/ IWDYZ ( lYR) )764 ENDIF765 ENDIF766 IF (PBLO .LT. 0.0) PBLO=0.0767
768 C CALCULATE WEIGHTED AVERAGE PRECIPITATION AT THE BASIN FROM769 C THE TWO ESTIMATES (HIGH STATION AND LOW STATION)770771772 BP(L)=((PBHI/(HIDIST**2))+(PBLO/(OWDIST**2)))773 C/((1/(HIDIST**2))+(1/(OWDIST**2)))774
775776 C DETERMINE STORM DURATION FROM RELATIONSHIPS DEFINED BY777 C FRENCH. 1983778779 IF (IMO .GE. 5 .AND. IMO .LE. 9) THEN780 IF (PREP(L) .LE. 0.15) IDUR=3781 IF (PREP(L) .GT. 0.15 .AND. PREP(L) .LE. 0.42) IDUR=6782 IF (PREP(L) .GT. 0.42) IDUR=12783 ELSE784 IF (PREP(L) .LE. 0.075) IDUR=3785 IF (PREP(L) .GT, 0.075 .AND. PREP(L) .LE. 0.25) IDDR=6786 IF (PREP(L) .GT. 0.25) IDUR=12787 ENDIF788789 C LINEAR INTERPOLATION TO DETERMINE THE DEPTH AREA FACTOR790 C FROM NOAA HYDRO-40 CURVES FOR STORM DURATION OF 3,6 OR791 C 12 HOURS792793 IF (IDUR .EQ. 3) THEN794 IF (BASSIZ .GE. AH(15) ) THEN795 DAF=DH3 (15)796 GO TO 29797 ELSE798 DO 24 1=2,15799 IF (BASSIZ .GE. AH(I-l) .AND. BASSIZ .LT. AH(I) ) THEN800 DAF=DH3(I)-(DH3(I)-DH3(I-l))*((AH(I)-BASSIZ)/801 C (AH(I)-AH(I-l)))802 GO TO 29803 ENDIF804 24 CONTINUE805 ENDIF806 ELSE807 ENDIF808809 IF (IDUR .EQ. 6) THEN810 IF (BASSIZ .GE. AH(15)) THEN811 DAF=DH6(15)812 GO TO 29813 ELSE814 DO 26 1=2,15815 IF (BASSIZ .GE. AH(I-l) .AND. BASSIZ .LT. AH(I) ) THEN816 DAF=DH6(I)-(DH6(I)-DH6(I-l))*((AH(I)-BASSIZ)/817 C (AH(I)-AH(I-l) ) )818 GO TO 29819 ENDIF820 26 CONTINUE
821 ENDIF822 ELSE823 ENDIF824825 IF (IDUR .EQ. 12) THEN826 IF (BASSIZ .GE. AH(15) ) THEN827 DAF=DH12 (15)828 GO TO 29829 ELSE830 DO 28 1=2,15831 IF (BASSIZ .GE. AH(I-l) .AND. BASSIZ .LT. AH(I) ) THEN
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832833834835836837838839840841842843844845846847848849850851852853854855856857858859860 861 862863864865
866867
868869870871872873874875876877878879880 881 882883884885
886887
888889890891892893894895
28
29
31
DAF=DH12(I)-(DH12(I)-DH12(I-1) )»((AH(r)-BASSIZ) /: {AH{I)-AH{I-D ) )GO TO 29 
ENDIF CONTINUE ENDIF ELSE ENDIF CONTINUE
CALCULATE THE AVERAGE DEPTH OF PRECIPITATION OVER THE BASIN 
PDEPTH(L)=DAF*BP(L)
DETERMINE THE ANTECENDENT MOISTURE CONDITION BY SUMMING THE PRECIPITATION DURING THE PREVIOUS 5 DAYS AND COMPARING WITH SCS(1972) CLASSIFICATION THRESHOLDS
IF (L .GT. 1) THEN DAY5=DAY4 
DAY4=DAY3 DAY3=DAY2 
DAY2=DAY1 DAY1=PDEPTH(L-1)ENDIFAMCT0T=DAY1+DAY2+DAY3 +DAY4+DAY5
IF (PREP(L) .EQ. 0.0) GO TO 30
DETERMINE THE CORRECT CURVE NUMBER TO USE - CNI, CNII OR CNIII BASED ON THE ANTECENDENT MOISTURE TOTAL FOR THE LAST 5 DAYS (FROM SCS 1972)
IF (IMO .GE. 5 .AND. IMO .LE. 9) THEN 
IF (AMCTOT .LE. 2.1 .AND. AMCTOT .GE. 1.4) CURVE=CNIIIF (AMCTOT .LT. 1.4) CURVE=CNIIF (AMCTOT .GT. 2.1) CURVE=CNIIIELSE
IF (AMCTOT .LE. 1.1 .AND. AMCTOT .GE. 0.5) CURVE=CNIIIF (AMCTOT .LT. 0.5) CURVE=CNIIF (AMCTOT .GT. 1.1) CURVE=CNIIIENDIF
CALCULATE THE DIRECT RUNOFF Pe USING THE SCS METHOD 
OF ABSTRACTIONS INCORPORATING CHANNEL LOSS FACTOR
S=(1000/CURVE)-10 IF (PDEPTH(L) .LE. (0.2*S)) THEN PEIN=0.0 
PEKAF(L)=0.0 ELSE
IF (IMO .GE. 5 .AND. IMO .LE. 10) THEN PEIN=( (PDEPTH(L)-0.2*S) * * 2 ) / ( PDEPTH (L )+0 .8 »S)PEKAF(L)=PEIN*BASSIZ»0.05333*CHNLOSS ELSE
IF DURING WINTER SEASON, NOV.-APR., ADJUST PRECIPITATION 
DEPTH BY THE SNOW/RAIN FACTORS TO DERIVE DEPTH OF RAIN FOR USE IN RUNOFF CALCULATIONS
896 IF (IMO .EQ. 11) RAINDPT=PDEPTH (L) *FACTNOV897 IF (IMO .EQ. 12) RAINDPT=PDEPTH(L) *FACTDEC898 IF (IMO .EQ. 1) RAINDPT=PDEPTH (L) *FACTJAN899 IF (IMO .EQ. 2) RAINDPT=PDEPTH (L) •FACTFEB900 IF (IMO .EQ. 3) RAINDPT=PDEPTH (L) *FACTMAR901 IF (IMO .EQ. 4) RAINDPT=PDEPTH(L) ‘FACTAPR902
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
173
903 IF (RAINDPT -LE. (0.2*S)) THEN904 PEIN=0.0905 PEKAF (L) =0.0906 ELSE907 PEIN=((RAINDPT-0.2*S) **2)/(RAINDPT+0.8*S)908 PEKAF(L)=PEIN*BASSIZ*0.05333*CHNLOSS909 ENDIF910 ENDIF911 ENDIF912913914 30 CONTINUE915916 C CALCULATE PRECIPITATION AND RUNOFF TOTALS FOR THE MONTH917918 DO 41 N=l, IDAYS919 BPTOT=BPTOT+BP(N)920 PDTOT=PDTOT+PDEPTH(N)921 RUNTOT=RUNTOT+PEKAF (N)922 41 CONTINUE923924 C CALCULATE PRECIPITATION AND RUNOFF TOTALS FOR THE YEAR925926 BPYR=BPYR+BPTOT927 PDYR=PDYR+PDTOT928 RUNYR=RUNYR+RUNTOT929930 C WRITE THE SYNTHESIZED PRECIPITATION VALUES, DIRECT RUNOFF VALUES,931 C AND MONTHLY TOTAL TO THEIR RESPECTIVE OUTPUT DATA FILES932933934 WRITE (3,*)IMO,IYR,IDAYS, (BP(L),L=1,IDAYS)935 WRITE (7,*)IMO,IYR,IDAYS,(PDEPTH(L),L=1,IDAYS)936 WRITE (4,*) IMO, lYR, IDAYS, (PEKAF (M) ,M=1, IDAYS)937 WRITE ( 6, * ) IMO, lYR, IDAYS, BPTOT, RUNTOT938939940 C WRITE THE YEARLY TOTALS TO A FILE IF THE MONTH = 12941942 IF (IMO .EQ. 12) THEN943 WRITE (9,*)IYR,BPYR,RUNYR944 BPYR=0.0
945 PDYR=0.0946 RUNYR=0 .0947 PRINT CALCULATIONS IN PROGRESS, YEAR = ' ,IYR948 ENDIF949950951 GO TO 950952953 997 CONTINUE954955 C CREATE THE INPUT DATA SUMMARY FILE956957 WRITE (8,*) ' INPUT DATA FOR BASIN NAME= ',BASNAME958 WRITE (8,*)'959 WRITE (8,*) ’BASIN SIZE IN SQUARE MILES = ’ .BASSIZ960 WRITE (8,*)’961 WRITE (8, *) ’BASIN ELEVATION = ’ , IBASELV962 WRI’TE (8,*)’963 IF (IBASZON .EQ. 1) WRITE (8,*)’ IN EXCESS ZONE’964 IF (IBASZON .EQ. 2) WRITE (8,*)’ IN DEFICIT ZONE’965 WRITE (8,*)’966 WRITE (8,*) ’SCS CURVE NUMBER (AMC II) = ' ,CNII967 WRITE (8,*)’968 WRITE (8,*) ’HIGHER ELEVATION GAUGED STATION’969 WRITE (8,*) ’UTILIZED = ’.HINAME970 WRITE (8,*)’971 WRITE (8,*) ’LOWER ELEVATION GAUGED STATION’972 WRITE (8,*) ’UTILIZED = ’ .LONAME973 WRITE (8,*)’
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974975976
977978979980981
WRITE (8,’ WRITE (8,’ 
WRITE (8, WRITE WRITE (8 ,(8 ,
' DISTANCE BETWEEN THE BASIN AND ' , HINAME■ IN METERS = • ,HIDIST
• DISTANCE BETWEEN THE BASIN AND ' , LONAME■ IN METERS = ',OWDIST
C TELL THE USER THE NAME OF THE OUTPUT FILES CREATED ANDC THE GENERAL FORMAT UTILIZED IN EACH FILE982983 PRINT * ■OUTPUT FILES HAVE BEEN CREATED WITH THE NAMES’984 PRINT * ’YOU SPECIFIED, FORMATTED AS FOLLOWS:’985 PRINT * ■ •986 PRINT ’FILE WITH SYNTHESIZED POINT PRECIPITATION RECORD’987 PRINT ’FOR THE BASIN STUDIED (DAILY) = ’ , PRECFIL988 PRINT ’989 PRINT • ’FORMAT = MO, YEAR, DAYS, POINT PRECIPITATION’990 PRINT » ’IN INCHES FOR DAY 1 - 28,29,30 OR 31’991 PRINT ’992 PRINT ’FILE WITH SYNTHESIZED AVERAGE AEREAL PRECIPITATION’993 PRINT ’RECORD FOR THE BASIN STUDIED (DAILY) =994 PRINT DEPTFIL995 PRINT ’996 PRINT ’FORMAT = MO, YEAR, DAYS, AVERAGE PRECIPITATION (IN’997 PRINT * ’ INCHES) OVER THE BASIN FOR DAY 1 - 28,29,30 OR 31’998 PRINT ■999 PRINT ’TYPE 1+ RETURN TO CONTINUE’1000 READ (5 *)IDÜMMY71001 PRINT ■ '1002 PRINT ’FILE WITH SYNTHESIZED STORMWATER FLOW RECORD’1003 PRINT ’ (1000 AC-FT.) FOR THE BASIN STUDIED (DAILY) =’1004 PRINT FLOWFIL1005 PRINT * ■ ■1006 PRINT * ’FORMAT = MO, YEAR, DAYS, STORMWATER FLOW FROM’1007 PRINT * ’THE BASIN (lOOOxAC-FT) FOR DAY 1 - 28,29,30 OR 31’1008 PRINT * ’ ’1009 PRINT * ’SUMMARY FILE WITH MONTHLY PRECIPITATION (IN.) ’1010 PRINT • ’AND STORMWATER FLOW (1000 AC-FT.) RECORD FOR THE’1011 PRINT * ’BASIN STUDIED = ’, MONFIL1012 PRINT * •1013 PRINT * ■FORMAT = MO, YEAR, DAYS, POINT PRECIPITATION TOTAL,1014 PRINT * ’FOR THE MONTH, STORMWATER FLOW FROM THE BASIN’1015 PRINT ■ (lOOOxAC-FT) FOR THE MONTH’1016 PRINT •1017 PRINT * ’FILE WITH INPUT DATA SUMMARY’1018 PRINT * ’ FOR THE BASIN STUDIED = ’ , INPTFIL1019 PRINT * ■1020 PRINT ’FORMAT = SELF EXPLANATORY’1021 PRINT •1022 PRINT ’TYPE 1+RETURN TO CONTINUE’1023 READ (5 •)IDUMMY71024 PRINT ■1025 PRINT ’SUMMARY FILE WITH YEARLY PRECIPITATION (IN.) ’1026 PRINT ’AND STORMWATER FLOW (lOOOxAC-FT. ) RECORD FOR THE’1027 PRINT ’BASIN STUDIED = ’,YRFIL1028 PRINT •1029 PRINT * ’FORMAT = MO, YEAR, DAYS, POINT PRECIPITATION TOTAL,1030 PRINT ’FOR THE MONTH, STORMWATER FLOW FROM THE BASIN’1031 PRINT ’ (lOOOxAC-FT) FOR THE MONTH’1032 PRINT •1033 PRINT ’NOTE: THE OUTPUT FILES HAVE TEXT HEADERS WHICH’1034 PRINT ’MUST BE DELETED IN A TEXT EDITOR PRIOR TO ’1035 PRINT ’ IMPORTING INTO A SPREADSHEET ’10361037 c CLOSE ALL INPUT AND OUTPUT FILES10381039 111 CLOSE (1)1040 CLOSE (2)1041 CLOSE (3)1042 CLOSE (4)1043 CLOSE (5)1044 CLOSE (6)
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1045 CLOSE (7)1046 CLOSE (8)1047 CLOSE (9)1048 CLOSE (10)10491050 STOP1051 END
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FILE: LV3895.TXT - 58 YEAR DAILY PRECIPITATION RECORD FROM LAS 
VEGAS AIRPORT
11 1938 30 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
12 1938 31 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.020000 0.110000 0.000000
0.000000 0.270000 0.230000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
1 1939 31 0.000000 0.000000
0.000000 0.000000 0.360000 0.180000 0.000000
0.000000 0.280000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.400000 0.330000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
2 1939 28 0.000000 0.000000
0.260000 0.020000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000
3 1939 31 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.400000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
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# STATION ID E/D ELEV UTMN UTME Ab Am Wb Wm Sb Sm
1 Desert Wildlife Range 2 2922 4033051 646408 0.860 0.821 0.618 0,843 0.538 0.676
2 Boulder City 1 2525 3984037 693834 1.730 1.000 0.759 1.100 0.734 0.946
3 Red Rock State Park 1 3780 3994103 639559 2.360 1.690 2.130 1.740 1.450 1.250
4 Sunrise Manor 1 1820 4007633 672321 0.387 0.934 0.246 0.978 0.542 0.605
5 North Las Vegas 1 1880 4009395 667790 1.230 0.693 0.868 0.753 0.591 0.432
6 Indian Springs 3120 4049256 617794 0.907 0.548 0.659 0.525 0.792 0.309
7 Kyle Canyon R/S 1 7165 4014191 622765 8.710 2.160 5.920 2.580 2.970 1.640
8 Nellis APB 1 1881 4013270 676705 0.083 0.988 0.149 0.978 0.185 0.832
9 Kyle Canyon NDF 1 7606 4013438 621802 18.800 1.940 11.700 2.190 3.110 4.540
10 Lee Canyon USGS 1 8510 4018516 619087 13.800 1.790 10.800 1.830 6.310 -1.760
11 Kyle Canyon USGS 1 7760 4012260 623466 19.100 1.750 13.400 2.090 4.030 2.610
12 Trough Spring USGS 1 8240 4026349 610107 8.590 2.250 5.190 2.330 2.870 0.800
13 Sheep Peak USGS 9600 4049883 656987 4.410 2.510 6.180 1.640 3.410 1.080
14 Hayford Peak USGS 9840 4058248 660932 10.400 1.400 7.770 1.450 3.120 1.340
15 Potosi Peak USGS 1 8080 3978662 635645 -0.500 4.420 5.080 2.470 -0.740 5.150
16 Cold Creek Ranch WB 1 6000 4030708 613564 4.030 1.680 3.720 1.640 1.560 0.817
17 Hidden Forest Camp WB 7550 4055505 660934 9.570 0.998 5.160 1.740 4.380 0.329
18 Lee Canyon Summit WB 1 9000 4017827 618223 9.200 3.760 10.900 2.600 2.940 2.050
19 Red Rock Summit WB 1 6500 3999533 631972 5.220 1.930 3.970 1.910 2.810 0.517
20 Roberts Ranch WB ' 1 6100 4003163 627419 5.650 2.450 5.630 2.330 3.130 0.459
21 Lee Canyon SEC 1 8400 4021545 619669 17.900 1.090 0.000 0.000 0.000 0.000
22 Kyle Canyon SEC 1 7500 4014213 624262 10.100 2.230 0.000 0.000 0.000 0.000
23 Cold Creek SEO 1 7400 4028840 612093 8.700 1.940 0.000 0.000 0.000 0.000
24 McCullough Pass SEO 1 3768 3955722 665801 1.240 1.140 0.000 0.000 0.000 0.000
25 Wheeler Pass SEO 1 7683 4027840 606126 6.330 1.970 0.000 0.000 0.000 0.000
26 Roberts Ranch SEO 1 6000 4003142 625919 8.610 1.200 0.000 0.000 0.000 0.000
27 Las Vegas A/P 1 2162 3994546 665073 0.000 1.000 0.000 1.000 0.000 1.000
5̂
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FILE; DAYSPP.TXT - winter season, summer season and annual days of 
precipitation
Winter Summer Annual
year days days days
1938 26 14 40
1939 19 16 35
1940 24 11 35
1941 42 10 52
1942 9 3 12
1943 28 4 32
1944 16 3 19
1945 17 6 23
1946 24 11 35
1947 8 8 16
1948 8 2 10
1949 20 11 31
1950 3 8 11
1951 11 13 24
1952 20 6 26
1953 5 10 15
1954 14 8 22
1955 10 12 22
1956 5 4 9
1957 19 6 25
1958 17 9 26
1959 13 4 17
1960 17 2 19
1961 13 12 25
1962 12 3 15
1963 17 8 25
1964 5 0 5
1965 22 11 33
1966 12 6 18
1967 11 19 30
1968 8 6 14
1969 22 12 34
1970 15 7 22
1971 12 10 22
1972 14 13 27
1973 25 5 30
1974 20 8 28
1975 14 10 24
1976 12 16 28
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FILE: 58-year synthesized daily point precipitation record for basin
"MONTH,YEAR,#DAYS/MONTH.POINT PRECIP AT BASIN (IN) PER DAY"
11 1938 30 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
12 1938 31 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.309632 0.401666 0.000000
0.000000 0.565282 0.524378 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
1 1939 31 0.000000 0.000000
0.000000 0.000000 0.657316 0.473248 0.000000
0.000000 0.575508 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.698220 0.626638 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
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FILE: 58-year synthesized daily average areal precipitation record for the basin
"MONTH,YEAR,#DAYS/MONTH,TOTAL DEPTH OF PRECIPITATION OVER 
THE BASIN (IN.) PER DAY"
11 1938 30 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000
12 1938 31 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.181568 0.260119 0.000000
0.000000 0.430858 0.339587 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
1 1939 31 0.000000 0.000000
0.000000 0.000000 0.501006 0.306475 0.000000
0.000000 0.438652 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.532183 0.477623 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
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FILE: 58-year summary of synthesized daily stormwater flow from the basin
“MONTH.YEAR,#DAYS/MONTH,RUNOFF IN 1000s OF AC-FT PER DAY"
11 1938 30 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0-000000 0.000000 0.000000
0.000000 0.000000 0.000000
12 1938 31 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.006665 0.000000
0.000000 0.175897 0.059797 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
1 1939 31 0.000000 0.000000
0.000000 0.000000 0.298212 0.031669 0.000000
0.000000 0.188173 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.360553 0.254568 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000
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FILE; Summary file of monthly totals for point precipitation and runoff
"MONTH,YEAR.#DAYS/MONTH,TOTAL RAINFALL (IN. POINT PPT)+TOTAL 
RUNOFF(IOOOxAC-FT) IN MO."
1 1938 31 0.450982 0.000000
2 1938 28 2.41697 2.42322
3 1938 31 2.84167 19.5865
4 1938 30 0.432405 0.000000
5 1938 31 0.959119 0.000000
6 1938 30 0.602078 0.000000
7 1938 31 0.772862 0.005222
8 1938 31 0.721195 0.000000
9 1938 30 0.921681 0.000000
10 1938 31 0.676474 0.000000
11 1938 30 0.000000 0.000000
12 1938 31 1.55216 1.62347
1 1939 31 3.35669 12.2560
2 1939 28 0.711059 1.25587
3 1939 31 0.838530 4.51822
4 1939 30 1.40354 1.81358
5 1939 31 0.512973 0.000000
6 1939 30 0.000000 0.000000
7 1939 31 0.832576 0.000000
8 1939 31 0.773173 0.000000
9 1939 30 4.28693 16.4816
10 1939 31 0.320944 0.000000
11 1939 30 1.12489 0.000000
12 1939 31 0.429837 0.009198
1 1940 31 1.01343 0.324871
2 1940 29 2.76479 28.7886
3 1940 31 0.522722 0.191358
4 1940 30 0.915405 3.68788
5 1940 31 0.527824 0.000000
6 1940 30 0.223073 0.000000
7 1940 31 0.000000 0.000000
8 1940 31 0.483272 0.000000
9 1940 30 1.94732 0.999332
10 1940 31 0.188337 0.000000
11 1940 30 0.939119 0.000000
12 1940 31 3.84225 23.3301
1 1941 31 2.71163 9.95427
2 1941 28 3.69878 29.4997
3 1941 31 3.79166 20.1428
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FILE: Summary file of yearly totals for point precipitation and runoff at the basin
"YEAR,TOTAL RAINFALL (IN. POINT PPT),TOTAL RUNOFF (1000xAC-FT) IN 
YEAR"
1938 12.3476 23.6384
1939 14.5911 36.3345
1940 13.3675 57.3222
1941 22.7828 129.250
1942 3.97208 15.4031
1943 11.0216 21.0207
1944 6.06038 7.65978
1945 10.3722 55.6387
1946 9.57043 11.4331
1947 7.08451 46.1425
1948 2.53985 3.00979
1949 11.5554 48.8967
1950 3.84944 3.56455
1951 7.03280 11.9620
1952 11.4612 76.7526
1953 3.25028 0X)0000
1954 9.19063 55.3755
1955 9.43661 50.0567
1956 3.30069 11.3122
1957 8.58603 41.8658
1958 11.3135 59.3943
1959 9.44860 58.4380
1960 9.51414 86.3303
1961 7.74010 2.55697
1962 4.37451 6.29071
1963 8.17672 12.4259
1964 0.64446 0.00000
1965 18.0772 126.588
1966 4.99502 5.75112
1967 12.4949 61.0646
1968 3.59542 0.03347
1969 12.2922 33.3897
1970 8.36441 20.0508
1971 5.99086 3.61104
1972 10.4955 46.8861
1973 11.9355 33.7806
1974 11.1166 60.4902
1975 7.88712 25.9690
1976 13.1244 107.049
1977 8.59423 37.2635
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FILE: Summary file of input data provided by user
INPUT DATA FOR BASIN NAME= TIMTEST 
BASIN SIZE IN SQUARE MILES = 50.0000
BASIN ELEVATION = 5000
IN EXCESS ZONE
SCS CURVE NUMBER (AMC II) = 90.0000
HIGHER ELEVATION GAUGED STATION 
UTILIZED = Red Rock Summit WB
LOWER ELEVATION GAUGED STATION 
UTILIZED = Boulder City
DISTANCE BETWEEN THE BASIN AND Red Rock Summit WB 
IN METERS = 4000.00
DISTANCE BETWEEN THE BASIN AND Boulder City 
IN METERS = 5000.00
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APPENDIX IV 
PROCEDURE FOR UPDATING BASNFLW
As additional precipitation data becomes available it will be advantageous 
to add these data to the data set utilized in BASNFLW. The longer the period of 
record upon which regression relationships are based, the more truly 
representative those relationships will be. Also, the longer the period of record 
analyzed for stormwater flow, the better the estimates of “average” annual 
potential harvest will be. Procedures for updating BASNFLW and its associated 
data input files are described in the following sections.
Input Data Files
LV3895.txt : the Las Vegas Airport precipitation record file can be updated by 
simply adding additional months of precipitation data in sequential order to the end 
of the ASCII file. The program will continue to read records in the Las Vegas 
Airport daily precipitation file until it encounters the end of the file. Each record in 
the file consists of the month (1-12), the year, the number of days in the month 
(28-31), and a daily precipitation value for each day in the month. Groups of 
months should be added in complete yearly increments only, as the regression 
relationships and reporting routines assume complete years. The records in
186
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
187
LV3895.txt were written with a free format Fortran write statement; the numbers 
in each record are separated by spaces only and have no commas or other 
delimiters between them. There are no blank lines between records. Additional 
month’s records can be added to the existing LV3895.txt in a text editor, or can be 
compiled in a separate ASCII file and the added as a group to LV3895.txt using 
a text editor or basic DOS/UNIX commands. A portion of LV3895.txt has been 
extracted and is provided in Appendix III.
REGRDAT.txt: precipitation station data can be updated, or additional stations 
added if required, by making appropriate modifications/additions to REGRDAT.txt 
in a text editor. As additional precipitation data becomes available, the regression 
relationships between the Las Vegas Airport and the other precipitation stations 
can be updated. As described in this thesis, simple linear regressions between the 
annual, summer-, and winter-period precipitation records at the Las Vegas Airport 
and the respective precipitation stations are utilized. The updated regression 
parameters, b and m, should be inserted in REGRDAT.txt, overwriting the old 
parameters. Should the data from new stations become available, a station 
number should be assigned in sequential order following the last station number 
used in the file. On the first blank line in the file following the list of stations, the 
station number, station name, excess/deficit classification, UTM northing 
coordinate, UTM easting coordinate, annual regression b, annual regression m, 
winter regression b, winter regression m, summer regression b and summer 
regression m should be entered under the appropriate columns in the file. A label
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row resides in the file on the first line, providing a description of each column’s 
contents. The contents of REGRDAT.txt are illustrated in Appendix III.
DAYSPP.txt: for each additional year added to LV3895.txt, an additional record 
must be added to DAYSPP.txt identifying the year, the number of days of 
precipitation during the year, the number of days of precipitation during the winter 
season (October through April), and the number of days of precipitation during the 
summer season (May through September). A text editor can be utilized to add this 
information, and a label row resides in the file on the first line which describes 
each column’s contents. The year and associated data should be entered under 
the appropriate columns In the file. A portion of DAYSPP.txt is illustrated in 
Appendix III.
BASNFLW Code
General: BASNFLW has been documented extensively to facilitate modification 
of the code by users. A copy of the program code appears in Appendix II. The 
code in Appendix II has been given line numbers (using a word processor) which 
will be referred to in the following sections. The uncompiled program code resides 
in BASNFLW.for, while the compiled, executable program is BASNFLW.exe. 
Modifications to the program code must be made to BASNFLW.for using a text 
editor, and the modified program then compiled to create an executable program.
Elevation/Precipitation Regressions: The regression relationships developed in 
this thesis between elevation and precipitation in the excess and deficit zone
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portions of the Las Vegas Valley region are based upon precipitation data through 
1995. As additional years of precipitation data become available, or the data from 
additional stations is discovered, these regression relationships can be updated. 
As described in this thesis, a linear/linear regression was utilized for deficit zone 
locations, and a log/linear was utilized for the excess zone. The relationships are 
employed in BASNFLW to calculate the expected difference between the higher 
and lower gauged locations and the basin. The code for excess zone calculations 
appears on program line numbers 452 - 454 (annual), 460 - 462 (winter), and 469 - 
471 (summer). The code for deficit zone calculations appears on line numbers 
455-457 (annual), 463 - 465 (winter), and 472 - 474 (summer). A text editor can 
be used to change the b and m factors to those derived from updated regression 
analyses.
Winter Snow/Rain Factors: The factors representing the percentage of
precipitation falling as snow during winter months are derived from the 
precipitation records at the Red Rock Canyon State Park and Kyle Canyon 
Nevada Division of Forestry precipitation stations. As time goes on, these factors 
can be reevaluated and adjusted as required. The linear relationships between 
elevation and percentage of precipitation falling as snow in each winter month has 
been derived by determining the respective percentages at 3780 feet (Red Rock) 
and 7606 feet (Kyle Canyon) and fitting a line to the two points. The same 
analysis can be done with additional years’ data, or, with another stations data 
incorporated in the analysis. Program lines 482-487 contain the factor
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calculations; the m and b factors from the linear relationships can be edited in a 
text editor.
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